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decision, and the Court having directed that a peremplory writ of mandate issue in this

GL14 Continued

the Project. The Count shall retain jerisdiction over Respondents® p dings by way of the

2§ proceeding, 2 1 retuzn to the peremptory writ of mandate wntil the Court has determined that Respondents have
3 IT IS S50 ORDERED that: complied with CEQA..
4 1. Judgment granting & wril of mandate be entered in favor of all the above- 4 3. Petitioners are awarded their costs of suit upon appropriate application.
5 referenced Petitioners' in this proceeding. Judgment is so entered because the Court finds that 5 4, The Court shall retzin jurisdiction for any motion for an award of attarney’s fees.
& Respond itted a prejudicial abuse of di by failing to prepare a legally sdequate 6 DATEDwheby—2008
7 | Environmental Impact Report and did not comply with the Califormia Environmental Quality 7 W /Z’ 2828
ES At ("CEQA™}, Public Resources Code, section 21000 ef seq. The basis for the Judgment is set 8
[ forth in the attached Minute Order (“Ruling After Hearing"'), which is incorporated .by G
10§ reference. (4]
1 2. Aperemplory of writ of mandate directed to Respondents California Dep 111 Approved as to Form:
12 | of Transportation and Director Will Kempton shall issue under seal of this Court, ondering 12
13 | Respondents to do all of the following: 13 § DATED: July 24 2008 CALIFORNIA DEPARTMENT OF
TRANSPORTATION
14 a, Within 30 days from service of this writ of mandate, Respondents shall 14
15 § vacate and et aside the June 21, 2007, certifi of the Final E | Impact Report 15 M é
16 | for the Sacramento 50 Bus/Carpool Lanes and Community Enhancement Project, and the June 6 Mamn Keck
Attorney for Respondents
17§ 21,2007, approval of the Sacramento 50 Bus/Carpool Lanes and Community Enhancement 17 California Department ofTran.sporlaim and
. E Director Will Kempton
18 | Project (“Praject”). 18
19 b. pondents shall not reapp the Project unless and until Respondents ' 19
20 | have certified an environmental impact report that complies with CEQA and the CEQA 20
21§ Guidelines, and otherwise complied with CEQA. 2
22 c. Respondents and their agents shall suspend any and all activities o approve 2
23 | and implement the Project that could result in adverse change or alieration to the physical 23
24 | environment, until this Court determines that Respondents have taken the actions specified 24
25 | herein to bring their approval of the Project into compliance with CEQA. 25
26 d.  Respondents shall file an initial retum to the peremptory writ of mandate 26
27 § within 30 days of service. dents shall file a suppl 1 rétumn to the writ of mandate 27
- 28 | after they have certified an EIR for the Project, or after they have determined not to reapprove 28
[PROPOSED] JUDGMENT GRANTING PETITION FOR WRIT OF MANDATE v [PROPOSED] JUDGMENT GRANTING FETITION FOR WRIT OF MANDATE 3
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SUPERIOR COURT QF CALIFORNIA, . " Case Title: ENVIR COUNGIL OF SAC. ET AL VS. CA Case No: 07CS00967
COUNTY OF SACRAMENTO CaoelRlisc IR COGH, X
GORDON D SCHABER COURTHOUSE :
MINUTE ORDER . through 2 AR 472.)

’ In June 2007, Calirans issued the Final EIR. The Final EIR includes Caltra ses o the
Date: 07/15/2008 Time: 11:51:50AM  Dept: 29 B e S a8 5 Tha Final EIR conclutias it I Broject ol not resclt n
Jilclal Ofcer Presidie: J i ‘h’f E ) any significant environmental impacts after gat:on 5! J\R 913, 4 AR 1319))

icer Presiding: Judge Timothy Frawley
T On J 21, 2007, Caltrans certified the Final EIR and approved the Project, Caltrans adopted findings
Clerk: L. Young ' fhat the Projsct will not have & Signfcant efec on he env'n’r%man; (@ AR 7419 1 ART)
BailiffiCourt Aftendant: NONE
Caltrans filed Nnhoeod’ und er ublic. 1152 h Slate Clearin
ERM: ngwon.lung 25, 200 n? Qa‘e 30-day poriod of I (A the State S o%
Reporter: NONE, P T e miq e lockan paTiion Jor wit of MIBNGSIa, Bllagine ihat Coltrans violatad Ca
' Discussion

Case Init. Date: 1111272007

Case No: 07CS00067 Casa Title: ENVIR COUNCIL OF SAC. ET AL VS. CA DEPT el pre udiclal abuse of discretion, e ST et olmars Aot . %?.lunﬁpgggts(%b] g
OF TRANSPORT. ET AL Cal. 4|ja1dsgg 5 o hy? 5% ) Abuse Of dmﬂgﬂ lssles’t?sbllsl’tl ge aﬁgby b}sras ;
. Civil - i roceedel smannerr re. aw or i rmination or decision is not support. gubstantia

Case Category: Civil - Unlimited . gwdence (Citizens of Go!em‘a Valley v. Board of Supervlsors (1990} 52 Cal.3d 553, EE

T Under the substantial evidence test, the court duos not decide whether the agnncfs determinations
were correct, but onty whether ﬂwy are suo?orl substantial evidence in the record. (Id.; see also
of lmitate: ‘County of Madera (2004) 107 Campp.-alh 1363, 1381, K]

Causal Document & Date Filed:
. . Substantial evidence is defined as "anough relevant informaftion and re-asonabls Inferences from this
Appearances: information that a fair argumaent can be made to guppu“l 2 conclus! wvan though other conclusions
might aﬁ ba reached. L%sl Code Rn:gam L "upm;ofuhsiamlar ?eme m??ﬁshﬂh ;
reasonable ass ns icated u expe gpomed -
evidence does lndug'e "{a]ﬁ{]umsnt spsu.ﬂatlm, unsubstantiated opinion” or rsarrauve evidence

RULING AFTER HEARING - which Is clearly erronsous or evidence of social or econnmm impacts which do m:t
N contribute to of afe not caused by on the *(id.)
Petitioners Environmental Councll of Sacramento and elghbors Advocating Suswlnable Tra Hion B
o In appl bstantl dard, the r urt doas not reconsider or reweigh the
5007, Spprova °"r’;un°wm”geﬁ§e°u?§3?§"§an%? o St Bt ey EFLna! iR o b6 Secramento evidence Beforﬂamtha euen5y Tmurgm Induige ﬂﬁgwgﬁ%ﬂ?m&ﬂm the ovk av!dan't% that
Lanes Enhancement Project under the Califomn mental Qual WOl Euppo e agency's d n the ence
S e e R R S el S e S O T PR i
al
mmnlrad1 ﬂ which wi &nﬂk eger uf
The Project, as approved, proposes to build imately 13 miles of High O ancy Vehicle ("HOV" Urnvers-ry of California (1888) tg?aCal ad 376 1A muﬁ ahculd not set aside an nm:ys
Idnes in ha sast bound S0d weetbound diractons. it the Bxlmglr;%dan i cymgnw go ‘1 mer an opp be equally or more reasonable. {Laurel Heights, supra at
Sun Bou'.avard to Watt Avenue, plus various transportation- ‘community enhanoements' n399-} .
P mm :r“a%?;a#am%f.mamsu jaarrently, within the Prolect Boundaries, the number of lanes in In_addilion to reviewing y fam deermlnalfms are supported by substantial
. th evidence, a cuunigd ru19 tha{ an a 21005 21 maedzglt?adesgreﬂongy fa:r{l::‘q‘ Laprmd in
The coni for the Project was conceived several years ago and has been incarporated into a numi e manner Fequ wﬁq % 5ee also ndowners
o o?r?:?’t rasportation slides and reporis. omes 68689, 04 s B2sp somposstad into & namber assn v. Gy Councl (1983) ¢ 1(53 Gal ﬁpﬂd o1, mzj an agencys s factu %?,‘SEQ";{?:N.'? are
nJ o Notlce of Pre of & Draft EIR for the P "ﬁmemymmyau ofSum 3;?"3‘50%"" E"r'ac':';fmpdxgas 11 ) Thu Eurpgwm"wa ot
n June 2005, a Notlce aration of a Dral hi ect was filed with Office parvi , @ reviewi mu‘e g
Planning and Research (Stalep Clearing House). (21 AR 8078-8086.) theCaptomia o ggust H;w to iheme dmof grl ] dsged ng%gwa elpar ¢ ther cc'l:am Is precominantty @
On Deoemhat 13,2006, Caltrans released the Draft EIR for a ED—daX"pumc review and comment pwind Growth, Inc., ﬁfﬁ Rancho Cordova d’mn 40 Cal L4th 412
LN"B i }‘I‘he D'raJ{tREIR 5%?!“‘:‘]5%‘1 two W"!‘mfaf"aﬁm amatives 10d-1 and 10“'3] rocaed in the manner required by law if its analysis is based on an erronecus
Sinrisn Bovlayard @ iha Dak Bark 96 In dowhiown ofHoY 33"“‘;‘,?,;5?',‘; renerston of CEBRS roairoments oF f i has falled 10 comply Wit the s Standands i CEGR for o
the apprm_rrﬁd F':‘rn‘]eBchlgrovm a{g{g the ooﬂslruoﬂon of the HOV lanes from Sunrise Boulevard 1o Walt adequale EIR.
m‘é%'ﬁ“ﬁge ang digwsses various nmgravmsa o 'm‘mm miauy g:ﬁm*regc but Ihenag?"ﬂmlﬂ?ed [{Ecg When reviewing the adequacy of an EIR a_court uocs nnt pass upon the correctness of 1ha EIR's
various reasons. (2 AR 526-535.) Petitioners and others provided comments on the Draft EIR. (1 AR 339 environmental conciusions, but upon ({Laurel Heights
Date: 07/15/2008 MINUTE ORDER __ Page: 1 ; Date: 07/15/2008 MINUTE ORDER Page: 2
Dept: 29 Calendar No.: Dept: 29 ) Calendar No,:
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Case Tifle: ENVIR COUNCIL OF SAC. ET AL VS. CA Case No: 07CS00887 ) Case Title: ENVIR COUNC]L OF SAC. ET AL VS. CA Case No: OTCS00867
DEPT OF TRANSPORT. ET AL DEPT OF TRANSPORT. ET
Ass'n v, F of University of Ci 1988) 47 Cal. 3-cl 3? An EIR musl CEQA defines :ggnm:ant effects to mean substannal ur potenlialty submamml adverse changes in lhe
im‘juda delai sul’ﬁnsnt 1o anable those who did not perudp(ate |r3 m Bic uncz H enwronrneni includi ng the Iand air, water, minerals fauna, noise and cultural sites, and
conzid ngfutly the issues rajsed by the §ropose ed project. ( ation of Irritated Ftask!emsv 53‘4;’ 21060.5, 21088, 2-r1oc 21151; Cal. dndeRegs tit. 14, §5 151262,
cnnnry m‘ Maders {: 004] Cal.App 1383, 1390.) Failure to disclose relevant information in an 153@0
environmental impact n port{ R) u{moonﬂsmuls aprejuﬁ]clal abuse of dlscmlon ragalulsss of whether
a differant oumnme wwlﬁ have res disclosed the (2 urel Heights, There is no %amamndard' for delerrnlrllng whether a given environmental | is significant, {Protect
ou.m¥ Farm Bureau v. Cil'y nf nl'ord LBB'D) 221 mpm 692, 711-7127 see Wate a?m at p.1107.) A precise definition s!gnlﬁmt effects is not
315:: Assodﬁﬁglgrjindlgwd edde;m;. supm' at'p. 139n0{axls nce ?nfm X mfe mm‘ag Fnesihle because 'llgtleﬁigrﬂ canca n activity n:anesda‘:hn:ﬂng to a }e[.gto#ﬁﬂhenwonmenul setting.
agen en asses: af ave a significant effect
= o orasion: ngEgJ)\l]Bd 9 on the nnvlmnmant %r udgment on the part of the pLI'bHc agency, beszed!;o the extent posdhle on
sonce of nformation I an EIR is judicial abuse of discration. (Pub. R e an s da. (4
H rmat ot rsaa u c 3.
51"655’?”” Larson B:O:at Shur:),l}:i:nv " . P"B o u("bsa; 18 Cal  Ath 729, Inv this gy cpe of analysis used by Caltrans 1o assess
48 tion of 1 Irritated Residants, supra al Pp. 139143‘2 ) In rmuawmg the u aan EIR, tha ngc\‘s alr 1uallty lmpacis Pe!dloners confend th ftrans Im operly refled exclusively on a
courts do not look for T m&omnass andag ort at full n{orm-[ analysis o evaluate whether there will ugn[ﬁcem air quahly
m sure.” (Cal. Code 5., tit.14, § 15151; Seq h'Hills Homeowners Ass'n v. | of Oakland i from the me,sci ioners contend there is_no evidence cr rationale sngPt Cal ans
1983) 23 Cal, 4th 764 1‘2 iation of Imital Rssldants suprs al pp 1390-1391; see Elso Al demslon 1o limit the soope "of ils analysts in this manner. Pefitioners claim rans relied on
Boal . p.748 {sla dard } the sufficlency of an federal Claan Air Act conformity as the sole threshold of sngniﬁmnoe c:a! trans feined fo analyze and
determined mon! what masonabhrf (lhe] The E!R ed not be perfect so long as \t disclose crifical information about the Project’s |mpam on ernrssmns of F'M10 PM2.5, and NOx,
pmvidals ndes wsuff clant information lo anab' to mke{ga%eam& that énwﬁw'ggngﬁa inciuding what those impacts are and how much of the they
&y and Coum‘fhof e (1575 48, Gt Kopr S8 ok, Bea) A prejidicia’ tise o discration; Galtrans admit that i relied exclusively on @ federal Ciean Alr Act conformity  2pproach o evauato the
o ad bI.I i h'mrm“J mm of the E?Rdacﬁs mf:mg mcff Fm“e:m o "% knnﬁauf:’mbuéﬁ"ﬂu"i malf'e'fj w\' Dc?“ar%' A Act dent ity m?’a Trr'a"éi]"'t"ai
ublic atian, goals rocess, (Counl uestion pres rel ether a federal Cle: ir confo, roach is sufficien!
ﬂmmat p? Brae Bty Waiar Agency (J655) 76 mp Ath 931, 946; A Larson Boat Shap, Mhest the faquiramants of CEGIA. i g
b P48 Before proceeding to address this issue, some background on the federal Clean Air Act is required.
the Lsglslatura intended CEQA lo be interpreted in such manner as lo afford the fullest
possiol ngﬁedm the environmant within the reasonable scope of the statulory lanlguaga an EIR Is The Clean Air Act establishes a joint slate and federal pr m lD oonlloi ma naﬂun‘s alr polrmon The
adequate and the %Ialnirﬂ in a CEQA action has the burden of proving ctherwise, {See Al Act requires the EPA to establish national ambient air qual Li A{] stablish the
famn Boat Shop, supra, at p.74 maximum limits of poliutants aliowed in the outside amtuanl aor 42 U.S.C. § 7409.) e EPA must
case rai bel d i Calt EIR. Th ?wgpantéigmslm ). f[45° umsm daﬁrd 7 ?'}aTlgmsm z:::ﬂa: EJr‘éls;r helh?uﬁadu '&m '“”“&%‘%"1%’&“&'33
Patiti thi number of and sub hall 1o ! . non-attainment areas” e Sac ion has been designa
ot seperatehy addrasses sach of thase chalienges Daiow. ane ® &5 2 "non-afiamment” aréa for PM10 and O3, bui as “attainment: for PMZ.5, by
The Project's Operational Impacts on Air Quali Under the Clean Alr Aci states implement, attain, and enforce the NAAG Smrough jonal state
S ™ impiementation pans (SIPS'). (42 USC. ﬁ;‘ma 7430 Each 1P Hentfios lowble amount
The lBrst Issue presanteu relates to whether the EIR ad scloses and analyzes the Proj of emissions nscamry AAQS for {:ollulant and anacatas the total
mgadn air quality. Petitioners claim the El lnau ient as an informational docurnent allowable_emissions lwoen na? d other sources. (42 U.S.C. § 7410; 40 CFR. §
ggﬁame nthM':?R fails to adequately analyze the Project's operational impacts on emissions of NOx, Esls 1(;1 ))Fmra!hf approved transportation pm,acls Iacalsd in non-attainment areas must cqniurm to the
al
The law is settied that an EIR is intended to be an Informational document. The purpose of an EIR is tu The Clean Air Act also requires oonfartn:ly ﬁndrlﬂs far rnvairo tan tras nar.ron lans ["MTPs") and
rguld:a‘r shs:: agencies al ublic with detalied lnl'omafon abﬂu‘t the o dg ap project is Rﬂ‘? icies ﬂ(ﬂd amtgam
ikely wﬁ;vp on the envimm'n nf ides alternatives to g)m and Indlceta the manner in which for amnrnmodaimg cdmanl and future Imvel damand in me reg lygi Iy includes all of the
those significant effect: of avoided. Code § 21002.1: see also Pub, Res. federally-sponsored ani Dnsl ignificant Iran aliun pmi&m pTal'ln for the raglon wer a
Bor? rfmﬁngfgﬂc 2"?10} i nsibjo ¢ é‘r?éé? o i '“‘:1';3’%“’ LN ey have o Lk 'ac‘ﬂea D oiont yaih "sualsy O et Dty ¢ -zamn e e
S EenvIron: changes before cont ent nni Q! i IR 58,
'|ﬂnlsafnurstum (Ca sp”uonnyav,kus?a) Cal Agp T gnsire 35 o WrBe and M fggwnfo'imu"{ﬁa “’E e b S anauTeone
Heighls Improvement Assn. v. Regents of University Cam:ma (1 L:? (‘.a1 3& 376, 392 [EIR SIP. (42U.8.C. § 7506.)
intended lolhdamunsg;ai“t * sppml'ﬁ:swn cﬂzumy that the agen s, in facl, analyzed a Here, C — the Projects con fod i AJ ——
considered the ecologica!l implications of its action)] ere, Caltrans relied exclusively on form erai Clean
CE(:A ires th to focus the discussion in the EIR o potential effe iRy S thempr%ec‘tmdwiH’hm oy b ot ﬂa‘l‘":.? SARATH ggrﬂac‘lhuwmra el Wi 3
requires the agency fo S5ion those al effects on the ean Air 0 | approach ma suffic analyze 's cumulative a!rquallty
nment which th r\adale edare maybesl ﬁntLaad I impacts, it is not sufficient to discharge Caltrans' d analyZe and disclose the Project's specific
gmm on ather e%eg?smw 7 mn W oot agan?:é ﬁ’m’?ﬁ # based emissions. The Court grge iy ke ne dis rojects

o'a brief ;lﬂo@a

effects were determ
significant and therefora not discussed I‘n dmu o ths B (Pub. Res. Code §§ 21002 1,21 mo(c) Cal.

Code Regs., ft. 14, § 15128.) Determining whether a project w have & sig nificant @ n the Vhite reguiatory environmenltal standards can provide an appropriate benchmark for determining
ironment, therefore, itical rol the CEQA proces: Cod tn 14, 1 whather a particular impact is significa ca with environmental laws is not

e ore: pleys & 1) oin P ¢ ° Regs § 5034} finding of go slta'lnlﬂcan? mp‘gct%nuar dEOAN(Carﬂomhns for mmtm“os%im" cl;a%pgnotno?

Date: 07/15/2008 MINUTE ORDER Page: 3 Date: 07/15/2008 MINUTE ORDER " Page:4
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(.:asa Title: ENVIR COUNCIL OF SAC. ET AL V5. CA Case No: D7CS00067 ' Case Title: ENVIR COUNCIL OF SAC. ET AL VS, CA Case No: O7CS00957
DEPT OF TRANSPORT. ET AL DEPT OF TRANSPORT. ET AL

Fooend At (2005) 136 Cel. App.4th 1, 17.) Further, the rawm does not contain any evidence or analysi

that a comprely analysis of
in Caﬂforruar\s for Alternatives to Toxics, the Court of Appeal addressed the question whether the the mJecl‘s al traffic-based would be i or speculative. (See, 8.0., ZARJIE—?. 483,
Dapariment of Food and Agriculture [DFA_) could forgo en of the

use
eslicides for a disease conl frrog on the De anmant of Pesticide Reguraﬂon's DPR's,
gsmrnd regulalory program. ln IR, DI!A Qé“ﬁa independs evaluate the environmental 5 ) As a hoc rationalization for its failure to analyze the specific Irafﬂc based amissions generated by
of the pm;aet’s use mgf Instead, DF.R determi d t iance \l\fh‘.‘h DPR's exlsting the Project, Caltrans a thai ﬁedﬁc sns!we of Prt}ects air quﬂlrl)r impacts is
regulalory scheme was ar.l uats to ensure J!rojec‘t r In any significant adversé unnacessary Act lysis ncu.m Ism to
environmental i) %a lly, DFA reasoned that bacause a!l sslicida a.ppl ons must be in CEQA's alr t#.la menix and (2} Hov lanes are a fe srally oc;?s
iance with DPR's ax}almg ragulat ram, and use Rre a pm'gram wasg measure, As ct that Caltrans did not rely on these argumenls in Imﬂlng the swpe ohl.s
approved as meeling the raql.nfemarﬂs EGA with respect to the nse of e use of EIR, boihoﬂhasaamumms miss the rnark
pesticides by DFA according to approved label dire cthonsalsumustcomplyw}th ( p.17.)
Caltrans has not cited anﬂv\ auihorlty 1o show that iance with the Claan Alr Act conformity analysis
The Court of Appeal held that DFA's rellance on DPR's rquax ogram was not sufficient to comp EXCUSES CEQA, unhlua .A does not exempt “functional squl\falam
with CEQA, As the lead agency, DFA was responsﬂ:le cfresentmg the tar:l data, and analysis CEQA may p for
3 % mmo'?" e “5&55.9‘:'?5} 35"2: 1A 3d 3 411 [ spaﬂ#‘uty ndde;aﬁ“ Ffllioin i '“':ﬁ'é%&"’” pratent emmmsnw i b"msﬂtaiéomy oy §°xgosos E llo
A requirin ai n -3 or "cel Lol Lin n
slnoe 3 conclutony statorie ho basis for a Tt the Foundation v. Fish ;Eame corn 199 Ca.MIh Tos, 121 iy o7 ¢ S itoeta
propo Jxo;el:t and 1he dl‘l"ﬂmltlas mvolved In the altermatives ves); Cal. ‘Code Regs., it 14, § § 15147.) The Zone Conservation Com ce ale0 Fub, Ros. GOdH § 210805 Hare.
urt held that DFA ort of its cuty under CEQA b: erring to DPR's regulatery scheme as a nothing in CEQA s s!sthat ﬂ!sderaTC Ban.Aercl oan'form dBTa 1 aﬂonmaybe submitted in lisu
subslitute k:lngarrorrnlng its own evaluation_of the envirc rnpacls of its proqram. (Californians for of an EIR pursuant 10 the exemption in Public Resources Code
Altlgmatives o Toxics, 6-17.) Accordi o the Court, DFA could not rely solely on
com m with an md's!lng n?ulamzy? m to conclude that its proposed project would not result in Caltrans’ second argument Is also flawed. In Caltrans arg that b d
significant adverse im, 1 omphanoe with tha law is not enough lo suppont a finding of purpese of HOV lanes is to It} pooling, It Is le to the Progaa wil! reduoe
no significant impact undermeCE congestion, increase travel speeds, an overall Howaver, even If there is
| substantial evidence o support a detsrmination that carpool lanes encourage carpon'ﬁ , Caltrans nas
The Court in Californians for Nremetlvss to Toxlcs acknowledged that DFA's dulyloanalyze the effects  * nol cited any substantial evidence to su its assertion that encuu nn c.alpoulmlg means overa
of pesticida use must take account of DPR's sxlstg;? uialory scheme, but the Cour Stated that this vehicle miles traveled and/or vehicle emissions will decrease or rem: dead, Celtrsns
does nol require DFA to duplicate the work of DI Cotirt suggested DFA could satisfy its duty admits that EIR did not allempl to sna%zrg {qu I itauvgg or qualltalively} lhe Pl'ﬂjpm impacts
under CE| HR PR's existing data in the context of the specific project proposed by DFA. overall \.rMT and, as discussed id not independently avaluate the wed«c
(Id. at pp. 16, 18, ) DFA‘s EIR, however, contained onl wncéuamy sta:emams. unsupported by an data traffic-based emissions. In contrast, there is evldenoe in the record suggesting lhal bullcing H lanss
or environmental analysis. Thus, the Court ruled Ihe* IR was inadequate. (id. at pp. 13, 17. . can increase vehicle miles traveled and related emissions. (See disclssion, infra.) In aven
Petitioners contend, the EIR's failure to consider this issue — the potentlal ‘of the P o i
As a gensra‘l rule, an EIR " must contain facts and ana! ua'l 1ha bam mnduslcms of a public addilhnal vemcle travel (i.e., new trips or longer trips) - is one of the prlmary reasons the EIR is
agancy. (c g5 Gounty Farm Bureau v. QQQO 3d 738, quoting
antiago County Water Dist. v. County nl' ran% 1981 IA 30 8!!1 f.aum ﬁelghts
Improvament Assn. v. Reqems of tha Univ. of Cal. {19 8} 4? cal me].) Thus, Caltrans abused ils discretion by relying on the Project’s (purported) conformity with the s|p asa
agency's omlon ng _matiers within experti be of 'va rue, o and’ substitute for parforming and presenting iis own aevaluation of the Project’s environmental impacts. To be
dEﬂ!!?I‘HT\B @ for wt:'}mm lt‘hla EIFE pr\e%e:_‘eld shculd also h& esrdle ihem the I}as-ss sgr at opunkm sufficlent, the EIR must disclose and amvyzo the Project's specific c-based emissions.
50 85 10 enable make an in n rea: i arm ureau, supra
atp 736; Californians for Memsthve?g decx. supra all 13 ["El SRS.M sef daga a; In addiion to falling to maiyza and disclose the Project's spedﬁc traffic-Dased emission impacls,
neadad to meaningfully assess whe'! er 1 ies wuuld msul't In nlgf cant im Caltrans alsa _abused its discretion by rslylng on conformity with federal regulatory standards to
Citizens to Presarva Ofal v. County Ventura 18 ) 173 ceU\q’P .3d 4 pfgpami of, y s\gn al imp
with a sufficient deg!ele ofﬁa!ysls lormakft‘;mfaSﬂ sion wh Cu tfolfsm.li ntal ki naiy ctattish
EOUENCES Izans Assoc. nsible Dev. of unty of Inyo (1985} 172 California courts have that an a cannot ona ished r ula s.l;andards o foreclo:
Cal.App.3d 15% 171 [initial study must the dala or upon whloh mgpe-‘sgn E:ondt?mng cmsadsratlon of sul Ianlm! eviﬁeno%ertfyat the have & ﬂ&rwlt ronmantal gﬁg&e
study relied] ) i Wal v. Amador atsr ncy(2004 1!6Cal.&pp4‘.!11099,11 9.)
\ repaﬂng an EiFl. m ncy may u ulal of whether a
Caltrans' EIR fell short of these standards. In its EIR, Caltrans determined thst because Ihe Project is tal effect normall wlﬂ beoorasldamd [ nlﬁcani, hut the aga cannol use the fact a
inciuded in the MTP and MTIP and will not \r‘aol ny federal "hot spot” requirements, the Pm]eci is in nanbuhr env‘mnmania! effect meets a mnaahoid nf IQ oe an automalic determinant that the
conformity with the SIP_ The EIR assumes thal conformity with the SIP is sufficient to ensure the alfa is not significant. The agency must co ny substantial evidence of a fair
Project’s emigsions of PM10, PM2.5, and O3 will conform to na lonal alr uality standard and, ment that & certain environmenial aﬁenlma bes nmmnt nohwlhslnndhg that the effect complies.
lharefors. be iess than significant. (1 AR 151-157.) The EIR doas OWEVE, -scosscr analyze I.he established re uIalogr standards.” Historic Amador Waterways, supra, at p.1108; see
fic traffic-based emissions that would be rated bg Ihe ijed Nor does sJ also Cal. CodeRons tit. 14, § 15084(i) )}
ach the MTR/MTIP, the SIP, or the air quality data and model d by SAC aawm lhe
MTPIMTIP's unnl'nmly with the SIP. Rather, similar to the DFA in Gaﬂfornmns for Altarnmhﬁes 1o Toxics, The Court acknowledges the fair arﬂumenl standard notrnal%murd be limited to the issue of wh
Calirans relied on compliance with the federal Clean Air Act v in lieu of its an EIR must be prepared. But courts in California have held that the falr argumenl slandard also is
own independent ana s 01' Ihsc? environmental consequences of its Projecl, As discussed pwpsr‘ry applied when an a genw assessed me significance of impact relying on establi
abave, this is not suffi Compliance with environmantal laws alone is not adequate o standards. {Protect the H:slom; r Waterways, supra p 1 09; Communities for a
supportaﬂndlngofno s[gntrcant impact under CEQA. Better Environmant, supra, at pp.113-114.) Thus, If thamcnrd containg substantlal evidence to support a
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fair a umsnt 11181 the Pro] nlltcam impacts on_emissions of PM"]O PW5. or 03, ncreases in VMT do not necessarily result in higher wsra'l emissicns, since
rotwthsian Pfﬂ&egpu mPY ance wilh tho federal Clean Alr Act standards for thoss poliutants, i D vl or of epecd a8 well o8 VM. on Her op.9, 10.) However, thers is
casa IBW Wd uires Call tm"’ to consider and discuss 4 substantial evidenca In the record that emissions vary with and (}altra did not & spacific
environmental Impacts will, in fact, be significant. aﬂahrsl.s of the Project’s rn\m_:i‘bsion mﬂrlldmsslcns Thé"\i';t best ," m'anssmcanaau utn lhtani mfm?ulf Ir;g
Imsasavera t nave: ass overall emis: 5. it is the failure
Itis 2 question of faw whether substantial evidence of a fair argument exists. (Pocket Protectors v. City e m"gmwpacts that renders the EIR inadequate from
of Sacramento (2004) 124 Cal App.4th 903, 928.) infurmallnnal standpomt
Substantial evidence to support a fair argument means "enou h relavml information and reasonable Thus, the Court concludes that cem od mmm Clean Alr Act conformi s!andards in a wa
inferences from this Inl‘orm on that a fair argument can be made f& amnc.tusnon. even though that foreciosed the considerath eggtamat ence fending to show lhlay Project may havy
other conclusions might also be read’led (Cal. Code Regs tit. 14, § 15 Pmmm.swrgks gjgnlﬁunl air quam:,r mww ﬁg its oom Itanoe Mlh the federal conformity sta
p.g27.) To ranlggm ﬂrnumenﬁ'- it is not nagessary ntiled ex 1o oifer Caltran: wa.s: cwn?e ad to find {hat lr-a il have a significant |mpacton emissians of NOx,
Oid T IDen‘l of Forestry & Fire mmﬁ%%?}igz Calngpp Ath 19?35'{?2?"” eh:ﬂdm'&egﬁngmm'; P|M'F anrid fos o &ﬂmm Showtwﬂmtandilml% o fj?:rs oo I wilh 1:?'°fm r&eh:"’.@
rees v. ores m @ Froje compliance ra n
a fair argument need not begvemlmlng QvErpawering, or even unmrnradlmlad ! i%m e "%’3 o su emissions no g P
Furttermore, because CEOA places the burdss of Invesfigation on the govemment ssher then the For all of these reasons, the Court concludes that the EIR s inadequate and incomplete
lic, an & ern:.',rcanrm its own failure to gather relevant daia to defeat a fair argumen rmiati tional impact:
Smés‘mm% Menﬂwm&esﬂﬂ} g Ca! g&d 96 31T Genty v. e Murrlelagsss:l 2'1;'?25 onal document in respect to the Project’s operational im s on emissions of NOx, PM1U am
.4lh 1359 13?‘9 Culy of Redlands v, of San Bemardino [)
[21']3 ) The a(r:k of s enlan 513 scope of the fmr argumem by lending plausibility to 8 wider range oi The Determination that the Project Will Mot Increase Vehicle Miles Traveled
erences. (Gentry, supra, alp.
Pelitioners_argue that Caltrans' analysis rogardini ]
The administrative record In this ins substantia! evid support a fair argument that the impacts reliag bl upon a determination tfvvasl o Broject wil nﬁﬁesuh in an increase in VMT mehlde miles
Pro];ﬁt may cause a slglllﬁcam increase in {raffic-based nrnlss ns notwithstanding the Project's . tra\rsled} Pefitioners allege that this ooncuslm s not smpmed by substantial evidance rd,
m"} [a"“m [;11! I.aof Ni'a#“t umant lﬁlasiumamzlng “%ﬁmlly.gse gfdthe sﬁ;ﬁr ay maT« R Idema ch wtgf B“il.lmljt?n mh? rail v?f! (See ‘5’3 n! HCN ane Jnd
EiNs sul jgance a Wi an |ncrease in O\fE
§°e?-erate addlicral veriie Uravel by induscing ad acdiignal demand fof vehicie fa travel (0. 23 rom oher o e e e oA 007 TI AR S005 S0 e SeasPso0e% Pl
longer nps,nawvm 8 frips). ae %e 23 unintend oiaddkng 5?9194]}
rIO\J' Iane may lI|1 clude induced trips], 24 AR 8 8 ng slaﬁs uy 5|gm1'n:ant ralationship
between adding lane miles and 2 AR 425 425-430 induced demand Caltrans denies that lls EfR was based on any analysls or any determination, of the Project's impact on
from expansion of roadway capad 11 AR 38l E 5CUS! ng "ﬂlﬂgs of mude! ing HOV lanes VMT. (See Oppaosition pp.18, 20, ggis is porrect. The record shows that Caltrans made no effort to
increase travel and emisslons]; 11 3633 3682 [: M?'E hi h u ncy vehiclé lanes in the disclose or analyze u-.a impad that the Project may h:wa on overall VMT in the Highway 50 corridor,
Sacremento region and notlng lhat HOV lanes may mcrease VMT ani uns compared lo no-build
scenariol.) Since Caltrans never determined the Project’s fmpad on overall VMT, it is unnecessary for 1he Court to
. P decide whether that determination is supported by substantial avidence, Howsver fo the nt Cal
There also is of a falr that addmnal traffic nerahed by the Project may assumed for m—poses of its EIR that the iject would hava no impact on ovarall VMT, the Gnurl fnda
have a significant emrkonmental impact on emissions of NCx, PM10, PM2.5. Thera is su tial that is not supp i by discussed above.
el g%amamp:f.d th m P ec‘ ?gs VawPMZgAang%:Mu&msSHNURM mﬂﬁnce L a?:)a"il The Project’s Potentially Signi t | Local ! d Parki
causemn alnmi e stal nda r commentin C nitial Hican pad.sonocaRoasan 2l
SM;\CIMD‘S lhnesho!ds of significance for and NOx|; 2 AR 99 ol Iy ™
rmmmsn'dng Ihat Ievals of PMAE m “L|| “.":ﬁ’é SBrmch Center Egadcgaﬂ?n‘ annuatly ngale ?ajﬂg Eggiﬁlonarsh 7 arle%o g‘c‘:ve":? :ragfﬁw il loc-al dwa % ¥ u::e Pr;}‘jgc;s Impactms on the volume,
e uig ion, on foal , and on the de
e i cess of state standa-dgl G A 180187 (it oo aauarly Sacroments © o mand for parkdng in downiow
increase in 1 fraewsy vellbds t‘hmughput (aiahva to no buiid scenario}.)
P Tha EIR states that llel routas and local street connections at fl re | up
However, Caltrans did not wnﬂiﬂeﬂ' or discuss tha potential 15 of to the first intersection, but Caltrans oonoedes that the EIR does not g nhfy ihese impacts. (See
the EIR. The EIR di ecl's gmMM mpacas on population and econ Respondsnfs Supplsmaniai Brief, ﬁ- sae also 2 AR 4897, 500.) Caltrans wrmmds that the EIR
gt sl i, el e PR Rl e S e = S e S o e )
al foraddlﬁu al ‘?th% vel as a rasult uf'lndum dsmand (2 AR 39-92 4T5-477, 485486, g?pgggx ereve fha Topect wou @ I o el roeds
490, 494, 498; © AR 31 01) EIR expressly assumes, upport, th % additional hlg
traffic wil mﬂsrst of time dnly or route shﬁ'h and Wm !‘mt inl:rease averall VMT Id.} Itis no'mvmhy Although the EIR's failure to disclose the analysis of the Pr%:ls impacts on local street connections
that tha administr cludes an emissions study that accounts for induced demand, but the renders the EIR less than perfect, the Court is not gersuaded t it preciuded informed decision making
study was not anal'ymd in ma EIR was Ilrnn.ad o a S-year period and eupmssl; states that a "more and Informed public participation. Even if the Project wi ase the number cf vehiclas axiiing the
anaiysls s naaded' adequately mwm the ms.r lsan‘vamaa_las af hlghway and entering local roads, the Final EIR ad ately dsmasas this issue, (See 2 AR 485 [paraliel
?anes rol lmat o-build scenario. (24 AR 8960; sea Cu!if Oak Found. v. City of San aswere all'local street conneclions al off-ramp termini up 10 first imersection], 490
%ons) 133 Cal.Ay pAIh 1219 1238 [information scattered in EIR or burled in appendnx is not substitute ||na!fc s‘udy %est commuters would be likely to divert to local slmels as result of
good faith masunad analysis].} 491 [not fam‘:llcm fur Calfrans to modal the entire local street system), 496 ct would not alter traffic
o, and trafiic signal connections would contn lha tk:w rate of {raffic onto
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FINAL ENVIRONMENTAL IMPACT REPORT/
ENVIRONMENTAL IMPACT STATEMENT

GL14 Continued

Case Tile: ENVIR COUNCIL OF SAC. ET AL VS. CA Case No: OTCS00967
DEPT OF TRANSPORT. ET AL

stn : is not i d}, 502 [Caltrans lacks authority 1o impose or
c'Tr'}cm:e Fang rsquirsmenlsn

The EIR's discussion of the Project's impacts on local roads and parking is adequats.
The Project's Growth Inducing Impacts
Petitioners allage the EIR fails to adequately analyze the Project’s growth inducing impacts.

Under CEQA, a pre has growth Inducing impmls if it will (1!‘ﬂrosler economic or lalbon growth or
diho- ] obstacles te ather ar:t ivities
i "wsa"&’\ d(mgmgodss 5 w by 15&’255) seg aiso C ‘ fy of s Antigch ¥ mg?t%s&"
1 3d 1325, 1335 5‘3 S anislaus
L“m] B w“’g A 1R Nk Clvane for Hores Govt luEh—.»am of Supem’Fsors {2001) 91
al App. e 5?-371

In discussing the Bcl's indu Irnpncls a distinction must be made be!ween the concept of
“inducad drégn'land"ﬁ:l Pm usedﬁ the a nduced d
the concept thal the increase in the ce;!aad l way genaral& aﬂdmnnnl vehicle fravel by
inducing additional demand for vehicle rava 8.4., s‘n mm er transport modes, longer trips, new
S G e e i o 0s dromy horeng PG Tedlns
re n [ n I:K indireclly 108 emnurnlc
ulalion,gi r housing growth in the surmund’ cts this might have on

the re affacts
raffic and the environment. (Cal. Co "ﬂf a4, %3;51262[6 15353@;(23 ) "Induced demand” Is
broader than a project’s "growth Indu:agl t y projects "growth inducing impacls’
rn contribute o nduoed demand “induced demand also r:ﬂy mmr even if the projact will not
g impacts.” in this section, the Court is mssl;i&only Petitioners' assertion
mat m"En?dm nat adsqua:aiy disclose and analyze the rojsm's "growth inducing |mpacls

In this context, Petitioners allage the EIR I'alled o adsquale disciose and ana1 th rowlh
induging impacts because the aﬂcn an empfox eﬂt Elpe ‘int of

and will accelerate in h rulm or an

the 55
50. Pe contend that the EIR is !I'M rowlh lnducm i acts See
Gounty Fﬂ?:)msumau v. City of Hanford (1990} g2’.’21 Camj\ppﬂt? 71 o "F ; mahgg

significant even though ect contributes only a smali amount to an exlstn rob!am ioners
aflege there is subshnhﬂxﬂdence in the cord show that increases 1o h p ay caj ly raclnrata
E mmmndaie region; gﬂww!h Thus, Peﬂl,.cnsfs contend, the E|R's analysis mgata

? plclhgtmns for the build and no-build scenarios to adequalmy account for the growth-inducing

Pelitioners CIaJl"r:dmmﬂ'&The EIR did ﬂolf as eh‘lmm suggest, find that growth in ma%mamsnP
0N QCCUrs nden construction of new hi contrary,

%s thai mvafﬁc ecls may have an lrnpact an r;-ﬁﬁa?gmm or land usa Ha“my

e’mllnrg a ected de'u' opment in tha area, and given the data showing that tha Project is not

Iampel Mssmm nate peak period traffic congestion or significantly improve the r@mars peak period

evel 3

allrans that the d Project would not add sufficient itional

iicanty affect growth pattems in the U.S: 50 coridor, (1 AR §6-92, 201- s 2 R e e o
. 49 ng)!v P in thé recor {:u 9 AR 318?—3168 _1
i the Court concludes that the' EIR adequately analyzes !ha Prog

IWS

The Project's G to Global g

ue that the EIR atso violates CEQA bu:ause n fails to_analyze the Project's contributions
B e n IONG of The Govemors Exacuive $°3.05) on glabal Warming, d i
Ig gl%llf'e g e E gas (GHG ernisslons bfa eﬂuc]ed 1091990 g’m J a" E

0, uuoners reguires egancm analyze a pmject's impacts on glnhal wsrmi
der lo warmi cts, Pel
Dr i pm: la% emn'ﬁz:dengﬁqebackgmund on g'o?éﬂ :mmgla'ning. (i) a:;:srg lﬁg project’s mmuh?; 5"

Date: 07/15/2008 MINUTE ORDER o Page: 9
Dept: 28 ; Calendar No.:
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GHG emissions and the potential impact of those GHG emissions on global warmin: {'h] aasess the
effect of climate change og?hs proje;and its impacts; and (iv) make a agnlﬂcanw g‘

Caltrans argues that the field of global mm—&ng is still in its "infancy.™ Caltrans notes that the California
Global Warming Solution Act of 2% Health & Code ilaesoo et seq., was the nation's
first mandatory cap on GHG mnl.ssk:ns Calu'ans also noles ation of a ng lmpad on
mbal wamlngilradmnul{y has nat been demanded under GEQA Although lha Leg

Offica of and R h fo o addressing GHG emtsskms In CEQJ\

thosa nuh:lelines do not yet exist and are nof required to be ﬁnaﬂzsd uni'F Jamlary 1, 2010,

Coni sequendy Callrans argues there is no Pg HG analysis that

Petitioners Aeoor‘g ng to Cgmms thi maeﬂns any analysls of the Project's impact on global
yunder

is foa

Caltrans also argues that this 's failure to analyze Ihe effects of GHG emissions is not subject to
legal mallangea?msuant 1o Pul?ﬂ{gJRescumean de § 5 vhy

Tha Court agraes with Petitioners that the in Public R Code § 21087 does not app!
1o this Project. . § PR

Although § 21097 exempts mdam transportation cls — includi entially, this one — from claims
based m§a failure to adp 'arz,e pgoget GHG lssnign po:mt statute applies ra'rmac‘nvely
only 1o EIRs that have a 1" ‘I‘he dispute in this case centers on the meaning of the tel

Caltrans conlends — not unreasonably — mat it the term “retroactivel ¥' s to have any meaning then
21097 must Ll ply to EIRs certified before adoption of the legisiation. the eren‘t mare_fy was {0 make

21097 ivé to uncertified EIRs, C:attrs.ns argues, then
21087 mad would have applied to conduct occurring after { I’fec’!iva da‘l D‘F e statute, In,cludins_i
rﬂ' lson anEIR (See Fairbank v. ctéy of il VaHey (1999] 7 CalApp 4th 1243 1257 Em
on n which document

EQA Is determine
rewew Beoauss lhs eneral purpose of the ala':ule was ro hsulata certain state trmsponaf ects
MT) causes of action based OR ;platlura 1o sdequaie'ly analyze the effects of GHG emissions, gn?lqmns
clalms intent of subdivision (c) was to make thé ralwﬂms of § 21097 retroaciive to all EIRs,
including previously certified EIRs, prmrldad the cause of action itself had not heocme “final.”

In response, Petitioners argun th.a‘l the siatule piamry and unamhnguoule provides 1t "shall apy af:l
claim,

an environment, rgiun lhas lbeuoma ﬁn Thus Pehil.umrs
- retroactivity depends on the ﬂneil\groime Rno‘
that the Legisiature used the

alroactivel t:lanfy that § 21 09? wou‘ld 1o mps in the CEQA
rocess already undertaki the effectr f the legisiation, ﬁ‘élﬂ other d it
ﬁad O o bt S 1S u Bl e Reoe 1 13, £38607m) 5 oV SR cosamen

though both arguments have some ap) mepeal tha Ccnrl is gemuaded that Pslitlone!s have the batter

n. I! is the Caud‘s opnnicm that "|'|r18 the same sense it is used
in re § 1094.5. Sau Crv Pmc Code %u dhr‘mg for Inguiry irto the validity
Ir.la radld nnl intend § 21097{a) to apply to a

ﬁ r ad tmim order
Fmﬂlél?xnmrgéngem the eﬁedojrve date o; zha legisiatiol

Section 21097 was signed into law on Augus 24 2007, and became effective on Jani
Calirans cerllfied its Final EIR on June 21, ‘months before the effective date of hﬂgfshﬂm
Thus, this project does not qualify for the axemmlon in Public Resourcas Code § 21097,

The Court next considers whether the EIR idh inf jon about the Project!
uonh'lhuﬁnns to global warming, and concludes it did not. N £

The EIR recognizes the concemn that GHG emissions raise for ullma‘ta change, but concludes that
bacsusa there is no accepted federal sme. or regional method GHG eémission and climate
change impact analysis, analyzi lhe impacts associated with an m:rease in GHG emissions at the
project level is not curmntly possl e. (1 AR 158.)
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Howaver, as Petitioners point out, noth the administrative record supports Caltrans’ conclusion that a polential for resulting in either a direct ical change in the environment, or a reasonal
it fsmﬂni passible to qua n?ii‘v the Pn}dfng mHG emissions, at which po#ﬁ Caltrans could make ils own fomseega%ile indirect mange%'ntheenvknnment ggls(‘-odu Rggs tit. 14, § ‘r'53?8(a)) ey
evaluation of their significance, While CEQA does not require an to foresee the unforesesable,
CEQA does require an its best efforts to find out a dlsclase afl that it reasonably can. The dasmm a project in an EIR shuuld be sum::!nm to irovlda public agencies and the public with
ECaL Code Ragu .lH 14 1“°i’44 }Only aﬂer !hcmﬁh invesllgaﬁon rnaman ageﬂcy find that a lar detailed information about the effects the E 1o hm on the envirenment. (Dry
1rr‘ipact is t i addaduaum n%o(\ﬁfe 6gs., t:f Craek Citizens Coalition v. County of Tu1am (1 89) IJ OaL.N)p 4th 21
831] 91 Cal., App.«h 1344, {3‘!0-:371 gad that a sln le memodoluﬁm cmes nnl On the other hand ‘huamw dasonptmn in an EIR is not reqlurea to soPplgeemnsl\re detail beyond
marnty vaiuatugrngi vidence in the that needed ft of the environmanta actually bein

Feﬂonn Yy légelsﬂg 2 m:?i?mwel;abty 5 fen sFmH of Cam-ans duty to rnaka a good faith eﬁon m gra useds" aﬁg&g o9e it 14 § 15124} CEQA requirufes conglrgjaaﬁ[%hgn ﬂ.:' éha?mpa:rm

vestigate and disclose all fnat réaso &l . County of Soiano 9&'"3"%3M% A 351, %9785 'r?%fp“mme"me Vol b, served by requfing an
Caltrans must meaningfully attempt to quantify the Project's potential impacts on GHG emissions and EIR to spaa.lale as to the environm a consqu ful clivities sm unspe
dahemine their sfgmlcance or at the very least explain what steps it has taken that show such impacts uncerfain when grmact is proposed, é d. 72-373.) Accordingly, the p]r_g ?]llnn in an

oo speculative fo r evaluation, EIR should not include future aciwmas if it is not poss:bre to provide mean n armaron abo

aclivities at the time the project is proposed. (1d.)

-Related Im) oh Air Qualit
The Project’s Construction-Ret pacts ¥ Petitioners allege Caltrans' EIR does not provide & stable and project
Pefitioners also allege that the EIR violates CEQA because il fails lo quantify and adequately analyze faiis to ade ely identify and describe the proposed "community unhancarnents'
the Project’s construction-related impacls on &ir quality,
Tha Draft EIR states Ihal callrans Is ou;nnﬂllml to provide mndlngﬁfor mmmunlly snhapﬂo:mgms

Calirans concedes that construction e mem wﬂl snerats amissions while the Project is being built. tha Commitiee andlor requested by | governme
N e aalirans argues o 2‘-‘5 o in terms of informing lher%bhc aboul lhese 1 , 524, g»m ) A!lhou?h MSWCRC and local govemments iuammed numerous potential community
environmental impacts. gf'ﬂ fo Canrans. me IR adequately advises the puh the Project nd without Calirans’ right-of-way — the Draft EIR never idenfifies wha!
may rasmtinme eneration d that such emisslons will will_be :ncludad in the P Sim Ihve Final EIR states thet the commu nity
by requirin unrnpllance wll.h best management e will include certain sound walls and lands but it does not state that the community
miumbc:asl‘l;:%gt?gdfﬁ ascifécﬂlfga.sam all pertinent rules, regulatiens, and ordinancas of the =, will be limited to soundwalls and landscaping. ( AR 32-33 3.)
{ Caltrans concedes that the EIR does nol identify and describe all the " h " that'
As de: sncy of the information contained in an EIR is reviewed in light of what Is actually will be included in the Project, , Caltrans contends this was reasonable and necessary
reasomhd feashre {Cal cnade tit. 14 § 15151 Rio Vista Farm Bureau Cir. v. County of Sclano because it was not possible to Iden all of the community enhancements at the time the Project was
{1982 ?E “Feasible capabra of being accomplished in a successful propased Amordh'ﬂ to Caltrans, the final list of ef nts could not be d i until
manner within a naaannaé s od uf ume, ldng t economic, environmental, legal, social, after the close of the environmental review b each tocal jurisdiction has the
and tenhnom (5  tit, 4?;?9 514? 15364; sea also Citizens to Pres. the Ojai discretion to decide how to spend its sham Igﬂha mmrmnrry enhancemeni funds, and such uemlcms
E&un entura (198 )1?6 Cak App Sd 421, 430 [noimg courls favor speciicity and use of do not have to be made until funding is ¥ to thie local )
i EIRE), : watths!anﬂn Ihs ab\r!nns unnarhamfy as to what community enhancements will be oonstﬂ.hcled as psﬂ
In this case, an evsluaaan of the Pra]ad's short-tarm mnstmchmrnlated emissions reasonably was ﬁﬁ Court agrees with Caltrans that the unceriainty does not arise fro
feasible using SMAQM llsl‘?d hodulngg‘n and thresholds of si g (See 2 AR 463; 13 stmrnpi hy ns 10 Impmpaﬂy constrain its amironmenlal review by i prnproper segmenﬂng Ramer H
AR 4536.) Yet Callrans made no &l rt 00 qunnﬂfy is Project's const n-related air quality impacts to be inclusive — Sive — “whole ‘of
of to analyze whether and to Project is or is not consistent with SMAQM &a lhﬂ scﬂnn hamg appmved ae. .g., Cal. code Re 5., fit. 14 § 1537&(b)(4} [a pro]act oes ncn include
significance. Nor does the EIR axplﬂln w . analysis of the Project's mtru:tlonnlaied air quality creation of govemment funding mechanisms of fiscal activities Which do not include any commitment to
Img;ci s would be lnfeaslble SBB, e.g. % sosbsee also Ojai, supra, at p.430 [EIR failed lo explain ny specific project].)
nca on earlier a rkelegg’ e Bay Commitiee v. Board of Commissioners
(2003-91 CaIApp 41.?! 135 piaoﬁdeclslon not to evaluate health risks with Caltrans has made chaar that if a local jurisdiction chooses to commil funding to a communi
| analysi Ef] urans EIR failed to adequalely disclose and consider the enhancement tha‘l was not evalu alad the EIR, then that enhancement will be subject io lull CE:
Pm-uﬂspn(ermaﬂy significant oonslruéon-ra lated emission review, Caltra l'ﬂﬂns 1hat no eom urﬁty t will be co full CEQA
reuiew whue tha EIR's desaripﬁon of projact waa noi perfect, s A:Uun dm not pmesuue
Tha Deseription and Analysis of the Project's Community Enhancements informed d inforem opu lﬁg_hu Sen, e.g., Dusek v.
. cf Anahelm {1935) 173 Cal.App. 3n:t 1029, 1 41 {dlscrepnne:y between ect dea n a
Petiticners allege Caltrans' EIR is inadequate because it does not provide a stable and accurate project pre é approved does not violate CEQA whers ﬂﬂenc!f 8 5 ﬂ narrower pi than that described
description. I%sse also Laurel Heights Improvement Assn, ents of tha Un‘v Cal. (1988) 47 Cal.3d
:l? |uphn1d des mE:d ion that defined pmgecw as “frmav ;hi of Pharmacy basic sderfoe
An_accurate, stable, and finite project description is the sine qua non of an informative and tagail)r ressarch Uis from ihe U SF F'arr'assus campus to Laurel Heights"); Nai Parks & Conce rvalion Ass
sufficient EIR. (C i ounty of Inyo v. City of Los les {1977) ? Cal, Apde 185, 193.) An a V. leﬂ'f of RN9P$|d° (19 {.“,‘P"“‘ 1505, 1520 [deferral Of environmental assessment does
project description is necessary to ensure mat 's goals information about a ect's ﬂ curently provide ul i about or
enwrﬁ:nmmta impacts \;_\Iﬁlﬂa‘ be re nggiad ul | . An uv;ﬂ I'I[MUW scn cﬁé m] could unspecified futunu proﬁoc’ts
rasult in_an agency ova ing_a project's cum awolm focus he paris of the
whale, \rg ?arm Bureaugch‘ Solano (1892 SCai u-.351 370.) Thus. to fi In addition to challenging the description of the project, Petitioners allege that the EIR failed to
the ohqt(achvas of CEQA, the term "pmiecl" is defnod hr{oadly’ta include the "whate of ’an m}-ﬁ uwh.mn:r: adequately disclose and analyze the potential environmental impacts of theegommum;r enhancements.
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Case Title: ENVIR COUNCIL OF SAC, ET AL VS. CA Case No: O7CS00967 ' Case Tile: ENVIR COUNCIL OF SAC, ET AL V5. CA Case No: O7CS00967
DEPT OF TRANSPORT. ET AL DEPT OF TRANSPORT. ET AL
th urt concludes that the EIR was not rendered inddequate for
'Fa?rrn:;amrzla;&ns e ity % that either were not reasonably foreseeable al the Thu Legislaiure has defined "feasible” for purposes of CEQA to mean " n?
L T B Tt o A, S o BB P o D e ey
anyion £45. (oee . o P Pe- 15384.) Amang the factors that may be taken inlo account when'assesslng feasibility of a rnaWes arg
However, in respect to the ras edive camm enhancements that were identified by tha CAC and site suitability, viabllity, avaitability of ur plan plans o
affacted local mmmsn:s. raes with Petitioners. ‘rha com could not locate any analysis or ragulatory limitations, and the propons.m raasnna uire,
evaluation of ﬁ1 rse sn ronmental i cts of entified commun| hannumsnis control, or otherwise have access to the allsrnatnre slle {Cal. Code Regs. 15125 ?l)m
(See Saerarnanxo ?‘ Ass'n v. City Councl ﬁcgs 229 C I J\pp 3d 1011 1027 | lncauslnn aofa Cilizens or Goleta Valley, supra, at pp.574-575.)
mitigation measure woui Hdu;%ah%&er signi o mfo aﬁonsj d[s cussed].) This lack
ol Pl rangers G porion of e £ radeaste 3 3n orm docum The IR should briefly describe the rationale for selecting the potentially foasibls atematives considered
The Geographic Scope of the EIR's Cumulative Impact Analysis in-copt in-depth m':i\e EIR. m_:gCuae Regsg 4,8 1:;‘128 .6l t;y]';l;qjl EIR aiso should 'dﬂﬂ:! lhe
saogn groce the reasons u 8l
Petitioners allege the geograph]c scope of the EIR's cumulative impacl analysis was unduly restricted to dctenmnauan {Im) Evidence of infeasibility need not be found wrthln the EIR itsel Howaver. a ﬁ |ng of
the High rridor.” Petitioners assert the geographic scope of the cumulative impact analysis infeasibility must be supported by substantial evidence in the record. (Citizens of Goleta Vallay, supra, at
rrﬂ)e reg[onm [| e the area under the jurisdl S r!;[ ), ra?‘ﬂst than suédly ﬁm&e& toiﬁae p. 569.)
S8Ive ai v. [ en
(fﬁss} T car App354z1°fa1f?§: Gl Bode Hoge. i, §15130(h143;1 o Ofalv; Covmiy Here, Pelitioners acknowled ARge that Caltrans considered and rejacted many alteratives during the
of .y . scopl K (m X 24- ﬁ} Nsvelghaé?ﬁs. Petitioners allege that l 2 ElR MnLa‘ dlwuss
When d cope of the a i reasonable range of al nma considered o ternatives —
bty TR T e & Lo e e llherte O broject. e iaion botwenn them — and falled I consider & transitonly ah{!emathre A Tha g
o o e do Recs, 1074k 1513605y ) by
mai fi lative im The EIR did not Inciude an in-depth d cussion of the transit-on a!lernatfv because SACOG's HOV-US
g:tzlam ml%lgau;sml mer?eugfaphuc scope of its cumulative impact analysis was reasonable under 50 Comdor Stiidy St both gt Tall extansions o !ansz noca 'S EHO!
" sie->u I - st b 3o U G o XSt T S st B et by
Fi lysis refated to tra trans anal sad the Hi : ns-n y al e discussion of
53{ o mbm alsp considerad the |mpads I'mm development pmﬂe&s'ﬁ'sa?g&ﬁl%ﬁga enc:mpg alte hall focus on alternatives . . . which are capable of avo!dmg or substantially lessening any
Rancho Cordova, Foisom, downtown Sacramento, and the unincorporated areas of Sacra Courrl ificant eﬂects of the pro;ect}devan if these alternatives would impede to some degrea the atiainment
(Bes 1 i 2o0E205F: eﬁﬁm‘” “’uﬁ'é’% ) ,‘:“s;%";ﬁ.lf"’ "”“’A&"‘aa'giﬁ?% R 11386, csmﬁ.y plssimion i TIAEEY ol
analysis S
has provided a reasonabl on for the geographic seog its cumulativ ct Thus, Tha test is not whether the transit-only altemative is the best shategy to achieve the ub}eurve
the gpan;':aph.c scope of the EFas cumulative Irﬂpact analysis did not Violate csé}:mps anysle. Ths, . bul whether it is a reasonable elternative that could feeslbw m ish most of theptragfsac of
Project Al B TS 15 500s: e At v Crockenng (1976) 18 Oallegfs‘lg ES?" e R’l .
The EIR's Discussion of ct Alternatives ) . fun i mum O o s oy one s major
iti is it to di bl rang
;?;?namauege that the EIR is . als to 8 o of project in this case, the objectives of the Project are to impmve mobility, Pm\dde an aphon for reliable k
ble alternative to ject. CEQA oni achd:astr:sve]eﬁrg:alr!{! mzlis as'.L'iir cw%;\:deg mgnﬁvas lnr eommmers 1o Ese carpools, ::neﬁog?isa 5: aes
CEQA does_nol uire an EIR to consider every conceival rnative a onl u
requms an EIF 1o describe a range of polentially feasible aiternatives. pro. 4 during pea period and Identify projects and cant streen
enhance nelghhorhood livabil U #teAR 20.) The lramll—bn%zﬂha'nahve Ia a potentially feaelble
e nf aﬁnmahves ra uired to be considered In an EIR is governed by a "ruls of reason.” (Cal. alternative that could accomplish m basic ob) cﬂ\uas of th m‘ler:t. while petential mld:ageoa'
1‘.31 The EIR should tnc!ude those alternatives thal could feasibly substantialy serung one or more pohsnlianyaf -433; 11 AR 3
baslc C§= ves of the pi 1ye::! and could aveld or substantially lassen one or Thus, the transit-only alternative is a reasonabla srnath.ve that Iswss:on and comparison !nlhe
rnuna sagnrﬁcant effects (Cal. e Regs,, 1it. 14, § 15126.6(a), (c}.) two bulld options dlst:ussud in the EIR.
tegorical legal th of alternatives to be anal i Because the EIR included only two build alt h little ti altrans’ fail
mamnl-:r.::s"t"lfeme\;law?té% onét?i:ﬁh:e W:::: b:t:ém Io%??'?a?d of ?ﬁama:vas :a:gigrz?red“ :L:n %ﬁﬁ e:ucsnt ﬁﬁi,nnd;\ge r:‘r”l:I 1h1rdeb° paprli'dm Em,al’ the ggﬁszl-crﬂ lalten&wlgjs g&d#eﬂhlnm:mm ded'sinn makll ol |;|an
ent enough variation to allow inl ate
mw% 1§ 15126.6(a); Preservation Action ggundl v. City o?usafneraﬁsap&lo%)( g Heights Improvement Assn. v. Regents of University of California (1988) 47 Cslacrs?a °€:'1
Cal.App -1336 . - = ion of Envi | Review
An EIR is raquired to include an in-depih discussion of those alteratives identifiad as at feast . -
feasible. (Pr%senfauon Actmn CounaPE supra, at pp 1350-1351; Citizens of Goleta :nas m”aﬂé' al(l% Petilioners contand that Caltrans impermissibly segmented ils environmental reviaw because the EIR
Supervisors (1980) 52 Cal.3d Bg, On In other hand, an EIR is not %lrad % consider fails to analyze a foreseeable extension of HOKI lanes on major highways throughout the Sacramenlo
ﬂh ict "am:urnlm oo ’"f“?}‘él i‘easible and mem in?e h "’n'iﬂe"ﬁ'i‘“ y mmall et e regen.
<0
which afiecraiive :u-pr?amn ., ept ation, and which do rot. (Citizens Although Galtrans admits that SACOG has an HOV network In concept, Caltrans denies that this Project
Date: 07/15/2008 MINUTE ORDER _ Page: 13 ¢ Datec 011152008 MINUTEORDER Page: 14
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Casa Tille: ENVIR COUNCIIL OF SAC. ET AL V5. CA Case No: 07TCS00967

Case Title: ENVIR GOUNCII. OF SAC. ET AL V5. CA Case No: 07CS00967 DEPT OF TRANSPORT. ET'AL
DEPT OF TRANSPORT. ET auch action a3 may be necsssary o bring the Prject nlo compliance with CEQA: and (v fle o murnig
what o comp!
rt of a larger ent to construct a e this Court within six months afier the Issuance of the writ specifying Caltrans has cone

Eacpfamamom rPa enterprise to consf comprehensive network of HOV lanes throughout the with he writ

and a
As described above, ider afl - tilicners are direcled to prepare a formal judgment lncorporstlng this rul| reference,
tnat “ervironmental consideraions. el not beceins Biemasiad oy CAect 28 (he whole ofthe action E%ﬁm Wrkt of mandate; supmit iher 10 g ng counsel for approval as w:.?"R%.:“ 30 thereater
gg'zﬁ ones . lh':E h?:ﬂ gllgendalg—Pasﬁena }}nmnﬂ Auth v, Hansler (1% ?&v ADD 3:! 57 . mmm enli'sl J&’g‘ ,L"wl‘J.?'} ﬂkﬁ gclu]u&gr;g;;cpn:te appmlon The Cuun shall retain

other hand, CEQA roquis o detaied o of every future o (o Gatonning Compliance with the Wil and afly Melion for an award of attorney faa

activity that concelvab cur. Where future activities are nknown

e Gl S 33’ : ??-éﬂ” o, (el it
HVErs| al

sr;falunq an EIR shouldgn pared as’ea as feas lo enab&s 2 oy o iu)Ga“m“y

Inﬂusncsrfro{eﬂ dasi?n yetl anough to pi

In Laurel Helghts, the California Supreme Courl considered the difficult whe

requirad to a gh the environme el’l'eds of fulure activities that mayﬁ?m o orr;hasnpﬂg £

Ths Court held that sn EIR must analyze the erwimnmeni ] eﬁects of ‘a fulure activity if (1) it is a

bly foreseeable usnc-ea memtﬂalpmjeci hen.rkusn nslon or action will be
gml'manl in tha! it will IEke] wu?e proiecl environmental eff

{I s:p 398 rﬁeﬂf;so (;gl ?ode R 5 14 %gsw Fulured . ﬂcﬂg snot curren! mpoeed for
|SON; ] sef\f

ARV County o1 Rty foreseca Cn! Roptn 150573 e e e

In Del Mar Terrace Conserv. Inc. v. City Council (1992] 10 Cal.App.4th 712, the Fourlh Appaliate

Disirict Courl of Appeal Upheld & lrial Gourta s od'al'a standa aﬂng

whaether a pa:ﬁcﬁﬁ hi h&a pm}acl is an imparmlu sse(ggen ru ’m svalu the swm sua M

Mar Terrace Cq-rservanc:y, (:I!y Council I!'112192') 1 npp 4t zb? m
f A 995)

by

standard uses the fol crll

se arately: (1) is iloae hgghway ssgm:tgt lo::atsdd rl:g:-_fsmf'lo?cal Iarrmnar f%&slelsgmamlms?;gment of

conside of
"lndepen:lent utllity;” {3] and {4) does lha men seem 1o serve !mponanz slata and lncaiegmm gm
Soproval o %’géf;"mé—u"am&dcﬁa VaAbly ot R agancy 18 & Honoo: SO Mt
Wi rigva oon-rn the agen: a n |

:.maamg ol A y gency ooumanfaminnmreg d to

ying fhe criteria in Lalﬁ'Bl Henghts and, more specifically, Del Mar Terrace, the Ccurl concludes
Apﬁra d not impermissibly segment its an\dronmernal review of this Project. The evidence |ntir;'|aat
record su the determination that this Project is of substantiai | h, is localed betwsen logical
teﬂnlnal nis, sarves important state and local needs, and has Independent utility. Further, al of
eci would rot iretrisvabl c:ornn'nt Eallrans to construct an other HOV-related ecls. The
evantual possible construction of a comprehensive network of H lanes throughout the Sacramento

region was not, at the fime the EIR was prapared, a reasonably anticipated future project. (2 AR 480.)

The CEQA Guidelines provide that where a project is one of several SIFI'IJIEJ'&M]QG!S of a public agm:r:g

but is not deemed of a larger project, aa ncy may prepare rojects,

?3_31 Iialy:;m sEtglrI:‘iin ailha:ﬁcsase je ] Dei M: has¥ general %ne s eur-{g cumul; ﬁgﬁg
3., 15 sue also rrace. Supra,

review of the recard shows that Calirans’ EIR met this standard. (Sga 93 pT AR '!936‘73;& The Cou" s

The CEQA Findings

Patitioners finally allege Canlans Findings violate CEQA ber

Caltrans failed ﬂ o t & mitigation m%Wn plan; (||] the an(‘.?[ﬂga fail o the location and

custodian of the record of proceedings; and tnims Findings are not supported hylsubsltamm avmenog

Calirans contends that nothing in CEQA res an i
parl of its Findings. g requi agency to adopt a mitigatioh monitoring program as

However, even if CEQA does not stale how a mitigation monitoring plan may be adopted, CEQA clearly

- - Date: 07/15/2008 MINUTE ORDER Page: 17
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Case No. 07CS00967
Name of Case: Envi
etal.

I Council of 5

etal ws. CA Dept. of Transportation,

CERTIFICATE OF SERVICE BY MAILING
(C.C.P. Sec. 1013a(d)

1, the undersigned deputy clerk of the Superior Court of California, County of
Sacramento, do declare under penalty of perjury that 1did this date place a copy of the
above-entitled RULING AFTER HEARING & notice envelopes addressed to each of the
parties or their counsel of record as stated below, with sufficient postage affixed thereto and
deposited the same in the United Stetes Post Office at Sacramento, California.

Martin Keck

Attorney for Department of Transportation
1120 N Street (MS-57)

P.O. Box 1438

Sacramento, CA 95812-1438

Aftorney at Law
129 C Street, Suite 2
Davis, CA 95616

I, the undersigned Deputy Clerk, declare under penalty of perjury that the foregoing is
true and correct.

Dated: SUPERICR COURT OF CALIFORNIA

W < COUNTY OF SAC

By:

R-TE N - LT T S R X

- z.

12

GL14 Continued

ERQOF OF SERYICE
1 am employed in the County of Yolo; my business eddress is 129 C Street, Suite 2, Davis,

California; I am over the age of 18 years and not a party to the foregoing action. On July
2008, I served a true and correct copy of

[PROPOSED] JUDGMENT GRANTING
PETITION FOR WRIT OF MANDATE |

X {by mail) on all parties in said action listed below, in accordance with Code of Civil
Procedure §10132(3), by placing a true copy thereof enclosed in a sealed envelope in a United
States mailbox in the City of Davis, California.

Martin Keck Representing Respondents
Legal Division California Departmeni of
Department of Transportation Transportation

1120 N Street (MS-57)

PO, Box 1438

Sucramento, CA 95812-1438

1 declare under penalty of perjury that the foregoing is true and correct. Exccuted on
July 2572008, at Davis, California.

Donald B. Mooney
.
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This paper challenges the widespread and eften imirant use of travel-
time savings a3 a principal metric of economic benefits for evaluating urban
wrsnsport projects. Time-budget theery and emplical evideace reveals that
she benefits of a widened road or extended rail line often get expressed by
mare and langer trigs to larger numbers of destinations and nat by l2ss time
spent traveling. induced travel demand can also erede Eme-savings Benefits
aver the lon 1. Other concepgtual and measurerment issues related ta
travel-time reductions as & welfare measure are raised as well, A case is then
made for elevating accessibility improvements as an sytcome messure,
particularly In light of the lang-term nature of urban transport investmeants
Examples of meeasuring and monetizing accessibility are provided, zlthough
applylng these techniques in developlng countries is never gasy, Still,
rractability of measurement is no reason fer relying on measures like reduced
travel time when doing sc fies in the face of theary, logic, and empirical
evidence. The paper conclides that the Wordd Bank should adopt & more
rebyst zad inclusionary framewerk for evaluating urban transpart projects,
one that supplements m y-besed measures like travel-time savings with
retrics tied to accessibility, sustainability, lvabality, safety, 2nd affo-dability,
A prediminary plan of action i= proposadin this regard

vi

GL14 Continued

Introduction

INTRODUCTION

Traval-time savings are the prncpal economic benefit assigned to urhan
trensport projects. Other berefits, ke reduced vehicle operating costs (e.g.,
less waar-and tear an vehicles; improved fuel econarmy) and accidents, are
somatimes monetized 25 well. Because they are difficult to measure, lozs
tangible second-order impacts, like Impravad air quality, are often treated
subjectively in economic evaivations. According to Mackic et al, {300a), travel
time savings capture Bo¥ of the quantified benefits for transportation Cost-
Benefit Analyses (CEA) in the Urited Kinggow, Ina recent evaluation of
praposed bus-way improvemaents in Lima, Perw, bavel-time savings
represarted 754 of the praject's total estimeted benefits (Word Bank, |
Armerizan and the Canbbean Region, 2003k World Bank studies [leewize uze
travel-time savings as the chief measure of economic benefits -~ e.g,, as an
everal indicator in Manitoring and Evaluaticn (M&E) framewaorks and Sank-
sponsored CBA

This paper questiens the foous on travel-time savings as the core and
sometimes even exciusive metric of use efits. History shows that magor
imprevernents to roads and gublic transit do not recuce the amount of tirme
per day urhanites devate to getlng around & city, More often, the; T

the numaer and length of trips.

Despite dramatic gaing in the average sprad of travel conferved by modemn
technology over the past century — faster cars, super-highways, Emited-
ercessforade-separated freeways — the amaount of time urbanites spend
traveling has remained largely unchanged over many decades, if not centuries.
As transport systems become speedier and cheaper, uiban dwellers take

A e of these Imy; by traveling more and over greater
distznces as oppocad to saving time or money. If conditions allow, users prefer
to broaden their range of aptions rather than reduce general costs of travel.
Thus, the benefit of a new road or bus-way gets expressad more In terms of
expansion of trade-sheds, labor-shecs, market-sheds, and soci! netwaorks
than spending less on physical movement. Statedar rway, the chiel
benefit isincreased "accessibility” — e, the ability to ge Lions and
activities peaple want to reach — aot less total tme travefing, it follows that
any assessment of prospective transport investment projects should give at
least 25 much attention to estimated impacts on accessibility as to travel-time
savings.

Accessibility it 0 function of two main elements: (1) moblity - speed between
point & and peint B; and {2} tlecation - distanca between points Aand 3. n
the near term, faster speeds cither save tme or sbiow mere interactions
betweena fed set of origins/destinations, pessibly over 2 larger geographic
catchment. {ver the langer term, they aliow aregins and destinaticns to be
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Beyond Travel Time Seings Tirne-Budget Theory

fariher apar h, when unplanned, equates 1@ sprawl but when well-

planned canincrease appartumines for job searching, trading, and secial -

interac ' ' & : 2 TIME-BUDGET THEORY

Matz (3008] has besn pariiculary critfcal abaut the conventions! practice of

squating beng g traver times. He ssterts: “travel Lime savirgs

has the quality of a myth — & rachional stary accepted as factual™ (Metz

2008, p. 333). Travel time savings, Metz argues, are transient, In the short Argumants for focusing on enhanced accessibiity vis-3-vis tra nE 5avings
term, the prespect of trave! time savings can Influence when, slong which are rooted in time-budgat theory (Zahavi and Taivitie, 198q, Tenner, 1581).
comider, and by which mode ong travels, Butcnce the new route becomes Despite rapld increasas In average trave! speed, people continue to invest

part of an estabfished patrenn of daily activity, the benefit should be viewsd as raughly the saae amount of Bme to move about 2 city, en average an Bour per

animp in gccess iather than as @ savings in travel time day. This daily tirme budget has held remarkably constant over time, from
ancient Rarme to the walking cities of 157 century Europe to the
suburlis of the early 207 century and freeway-laced Citles of today. Time
Budgets are seemingly an enthiopological censtant, as if peaple are
genetirally pre-dispased to spend a fixed aimount of time during their fves
maving about cities and their surroumdirgs. I a new road speeds up this
mavement, peogle simply m. ore often or farther. Traveling langer
mzans the baundaries of cities hava stratched outward as sverage speeds have
increased

Schelars have long cited transpet, erms 2nd technelogy as powerful
i at shape cityscapes and ceonomic growth patterns (Warner, 156
Wachs and Crawford, 1993; Garnson and Levinson, zo08). (ne can easily
trace the sutward expansicn of oties to a succession of tramsportation
achvanzes that increased average trave! speeds. The maxirmuen size oFwalking
sities vwas araund 20 square kilameters, which supportad settiements up to
50,000 or 5o inhabitants. When electric streetcars galned ascendency in the
[ate 1Bocs, many citizs quadiupled in tize and with the advent of fresweys the
popelation znd spatial exten of ¢ities grew by sever;
r ude (Schaeller and Sclar, 1080; Muller,
he cpatial organization of cities, ¢

gr
mainly changed
devoted to travel

Arngng the mest persuasive svidence in support of time. budget theary is the
fallowing:

*  na study ef s cities, Zzhavi and Tabvitie (ag8a) found a fairly
CONSTANE AME af time and budget devoted te urban makslity — on
average, aound ore Bour per day meving abeut the ity and around
12% of disposable income, with mear statistics thrae to faur times
lzrger than standard devisticns.

*  Zahavi (1579 also studied changes in trevel patterns in the LS. frem
1558 to 1g70, finding that Americans did not spend any les: 3
travaling during a period whan massive freeway coastruction let them
travel comsiderably faster. A later study undated Zahavi's snalysis

o of § o peenits ke retum journay i be covered in ane
procucing a 26 kme fange (3 irce with 33,5 mile radlash. Wit far trel
cess sred Lecomes anc- hundied fold large &, 1onokmi (Lefews, 2000}
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Berend Travel Time Sosings

using data through 1ge0, shaowing the earlier results stilf he!d (Barnes
and Davis, 2001).

+  Several other studies documented constancy in the amount of time,
around 1.1 hours per day,that Americans invest in traveling {Ryan and
Spear, 1978). McLynn and Spisiberg (1978) Found the one-hour- per.
day figure held as early as 1840, a time when the fiest kigh-speed form
of mechanized movement, steam. enging trains, spured the industris!
revolution and usherad In an era of decentralized growth in Amenta

= Wational surveys in the UK show that travel hewrs per person par year
constant from 1g7e to 2006 (around 350-380 hours), a

d of massive metorway construction threwsghout the British Isles.
According te etz (2008], this imples “a long ror valve of traval tevme
savings of zera”. What is preferred i mace andlznger trips - average
distance travelled shat up by Go% over the 1073-2005 period.

GL14 Continued

Induced Travel Demand

INDUCED TRAVEL DEMAND

Time-tucget theary helds that supply-side improve rnents increase speeds
wihich Ities and travel distances. A related theory, called induced travel
demand, contends supply-side Improvements alter cities and wravel soas to
ercde speed benefits. The two are fiip sides of the same coin.

Critles of supply-side sodutions to traffic cangestion charge that the capacity-
expanding benefits of most transport projects are short-bved, Whils all forms
af rranspart investment influence travel, most complaints about the
#phemeral berefits of added capacity are directed al the roard sectar. Figue 1
ciagrams the fiow of events sttributed 10 the demard-inducing impaeers of an
expanded rozd. ko the near term, increased capadity unleaches behavioral
azjustments — e.g., trips previcwsly suppressed are now mace becavse of
mpreved ilows (i.e. demand}; motorists switch routes, medes, or tima-

of-traved to Lake advantage of @ new facility; moterists travel to destinations
that are further away betause of speedier flows (Downs, 106z, 1933; Cervero
260%; Noland arad Lem, 2a02). New trps, langer tnps, and modal shift
contribute toincreased Vehicle Kitemeters Traveled (viCT), the strangast
correlate to overall resovrce consumition and tadpipe emissions in the
transpors sacter, Other adjustments, like route and r\ shifts, do nat
moticeakly increase VET and thus are largely redistributive in nature.

ratysis fownd @ mean short-term elasticity {betwaern lane km

KT} of several dozen roadway investments in the ited Slates
o @l else equal, a dovbling of road capacity was associated with a
crease in VET within 1.3 years of the investrent (Cervero, 2001}
term, added road capacity fed to more cesply rooted structural
chitts, ke increased car-ownarchip rates 2nd mere avto-oriented lang.
develepment patterns. Adding structurel impacts to accurulated short-term
wnes markedly increases kong-term elasticities = on average, 0.75 inthe LS,
(Cervero, 2ooa), Other studies have estanated even higher long term
elastities (Heanue, 1997; Fulton et al, 2000; Metz, 2008) Most empirical
studies of induced travel demand have bean conducted in the U.S, Motz
{2c0B) hzs examinad aggrepats data to study naticnwide trends in the UK. He
found that average vehicle trip rates per household have changed fittle over
the long run, This implies that indes y aggregate does not arise
from increased jowney frequency, g, cf making entirely new additional
journeys. Rather, Metz contends that induced traffic is goneraliy the
censequence of the chaice of more distance destinations for the same journey
purpaoses and is assaclated with changed land-use patterns.  Metz also notes
that induced traffic increases traffic accidents and vehiche e missions since they
inCreass in lazk-oten with trip distances. Such tactors should be adjusted In
any long-range read project appraisal,

Dwerall, experlences reveal that travel adjus:s to form a new equilitrium of
traffic cengestion following road improvernents. This traffic-inducing and thus
impect is incempberely accounted for by mast economic
apprasals of transport-Tacdity investrments (Downe, 1g32; Saloman and
akhtarian, 1907; Cervera, 2002; Carvero and Hansen, 2003; Ory et al,, 2004)
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Biyond Travel Tive Sevings.

This is true in develaping and developed rountries alik

demand impacts further calls intg question the

lrawll kimes as the standard bearer fior gauging
imvestments in ecads and transit fecifitios,

* Ignaving induced
alidity of refying on reduced
the benefits of capital

Terrgors) Bhifls
-gnr"n"v

il e | |

(Time, Price}

—- S

! Land-Use Erifts
[ Buift Emunnrent ills

IR

s HewLatert Frips |
Maice Baifs
Langer rips

The diagram shows pear-term {ie, order) and longer.term (i e, second.
order) impacts of mepan d:dcawu\y initialy, a ro: RGeS
travel speeds and reduces tiavel times (and sometine ields sthar benet,
Tee less stressful
loveering of "ge tr.w"l maﬂe u,:nfmuln.:ls-
companents, including pew moterized trins je.q., latent demand ., previousiy
suppressed), redistr ibutians {meds, raute, and time-of- -Ghy shifts), and over
the fonger term, mare deeply raoted structural shifts likee tand-use adjustmente

Y, ora

Ever, Juuf:umr:- induzed demand intravel fivg 4 of proposed Leban
"Epart rojects in diuelaping cuntries. Typcaliy the subject mass 0 5 08 #oe riged nn} 3

orld Bank appraicsls of urba ANIPOT pregects conclutled over the Fast decade, sin
nd L i, acknguleoged that gensrated bradlis er ing oed damand was ..c:nydn«m'}
Mating of travel time savings

—_— |
Near—Term lmpacts {

| tw:mo' Trips
Rtz Shits Ne- -umr Trips. |

GL14 Continued

Irdured Travel Dermand

and increpeed vehicls ownzrship rates (that inturn ie “crease tnp lengths and
VET). Seme of the sdded trips are ne W orinduced, and some are divered,

itz Ikely the case that the pt menon of induced demand is more
pronounced in the deveioplrg world than in most advanced first-world
eeonomies. Traffic gridiock sreates a huge pent-up demand for mols iy,
h-gh'ycnug- nned cities can 1hus expect 13 see the mducement
of n, 5 following a roadiay upgrade? Over the leng
st new duvelopment in rapidiy mo £inizing citles will grawtate 1o
<-cangested and newly exparded corridars, which ase often op the wrban
fringes. In the Jakarta's, Malrobi's, and S3o Paula‘s of the world — rapldly
and poarer than their first-werlg COURLERRATS - the
franspoctationfand-use connectian i 5 robust, as are travel BT TESGONRERS o
€hanges in road capacity and public-tr 2Rsport services.

Pertly due Lot archaic designs of central citfes T Seveleping comntie, alten i
f D‘Jﬂefoo )l‘cbc\rcklll‘rr The ablity 1o L urban goces wilh newy

tn tirtanes and the ¢osts of road constractiag
.nn‘.lu.-&te"erhferw Agian it i:-»un % Pane La%en 2484 o# an, cadicated o soads
COMpaced ta 28ecobhin US s (Gwiikem, 70az)

?
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Byond Trave! Theas Stedngs

4 TRAVEL TIME SAVINGS

This section discusses both conceptuel and measwe raent challenges in
operationalizing travel-time savings as o metric of economic benefits,

4.1 CONCEPTUAL CHALLENGES

Travel-tirne savings nas been the centerpiece of Yran sport economic anatyses
Tor approaching a half cantury (Small, 15532, Met?, 3008) Its popularity is as

much due to the easza"d convenience of measrement as to any theoretlcally
graundes nodi wiy and hove wetfare — and particularly the welfare of the
urhan poor — would or should be improved by a transpost investment.

There is a wel-established fiterature an how to compare the benefits and costs
of transportation proposals. Gren the defficulty in determining how mue
consumers are willing te pay for, say, 3 new road, # common spproach for
imputing benefis e to muttinly the predicted time savings to users by
asswmed values of tine and sum tha results (Mehning, 1563, Small, 1991;
EBanister and Serechman, 20s0)." This has become conventisna! pratice since
10ta’ economic bonefits are fuirly easy to derive by comparing estimated tokal
Vehicle Hours Traveled (VHT) “with” versus “sithaut” a proposed
Irnprevgment. Assurptions are needed, such s the estinated value of tims,
however even these often go vnchalienged — e.g., 4o%ata gaSh of a city's
prevalling wage rate s what is typically assumed * in develaping countries,
whare cunen: and reliab'e trave! data are aften inshart supply and cakbrated
models are d 1

U bor: e , potential errers from
applying standardized and simplified approaches are lkely magnified, Inusing
competer-gensrated e: ates of ravel time savings 1o gavge benelits, one
must ask whether sace of measurement has usurped theory and logic?

Amvong the i faced in ining ecanomic bensfits and
travied-time savings are the fallowing:

«  [uneFrame. There ean be a disconnect between the 4o-go year
senica lfe of most transpart infrastructure ard the near-term time
marizen in which benefit (g f land uses and
thus fixed erigin-destination patieins), CBA ev..alu..rc long-lived

trarspet infrastructure based malnly onestimates of shart-term

* Transkbrime Impacs of 2 specdic rose project e tynically Gavg ed theaughout an entire network

usiag the traditiena’ four-suep vravel-demend madelg apsraach, llda:nh‘er:,mfamtmtu

irpacs of FUngle ek #ghoed g aetears, i speedds and

performan: e ks b5 wel, impacts ane gl nodes. Proposes
kMRt s, By gvm}.rurl‘uua- madel sutpuns oy changing

el choise ae routs assignanisats. In miare advat e P10y, such s whan Lhere 28 leeaack
2w Lact-use s ecation phi they miy sl infuence trip

oo be
geeras o and dissbution
3

This practics applies te Sevelaned anddevioning ] tad
pecjecte, The Murthal il capacity vograde stud imtance, simitarly st the vefue of
passenger time ot 409 of 4= ra s of diffeseat models (ol Bank, South Asia

Region, 2003)

GL14 Continued

Travel Time Savings

travei time savings. Thece near-term estimates might then be
straight -line extrapolated to 5o years in the future without any
adjustments in assymed future land-use (ond thus origm-destinatics)
patterns.

Qver time, land markets chift 25 changes in accessibility patteres and
nousing filtration occwrs, newly farmed housaholds tradc off housing
and transport costs to maximize utility, and a host of ather dyramic
forces are unleashed thatreshape cities snd travel. By the time thar
market effects of a transport investment hawe played out, it is rever
clear whether the per-capita amount of tme spant traveling actually
daclines, partizularty for the urban poor. As noted earller, empisical
evidence suggests if does not,

+  ScaleofArolysis. Benefits canvary widely by the geographic scale of
analysis. At the coridor leved, significant time savings might 2corug
among those traveling along a newly expanded ao-kilometer
highway. However at a larger geograghical scale (L&, sui-regional
*mesc-scale” or regioral "macso-scale”), mare traffic might be
induced by the sddition of new andlonger Lrips on existing roads,
thus showing speeds. The net impacts mght be no changes in travel
vime fo: the sub-region or metropolitan area as a whele While
temparal changes might be most dramatic at a small gesgraphic scale
like a carridor, within an engire travel-shed ar ot the regianal leve!
the scale maost approcnate for drawing webfare judgments on public-
policy mterventians — spatial changes are Bkcely to be most dramatic,
espacially over the long run {which, of course, is the time frame most
appropsiate for evaluating projects].

*  Trovel Trade-offs. Urban econcric theary suggests that travel tims
alone s nat a sufficient indicator of welfare bacavse it s "raded off*
against housing values e rents) (Alonso, 1964; Muth, 1963).
Dictated by consurner preferences and often stage-of Jifecycie, soms
housenolds willfully endure § in return for lower-cost
housing on a per-sguere meter basis. yeically these are
younger famibies sesking larger fiving spaces (and in the U.S., often
ketter schanls). Alsa stercotyoically, ence the kids have gone off 1o
collage, some “empty-nesters” downsize by moving closer to the dity,
effectively trading off less time spent lraveling for higher priced
housing per square metar, Measuring changes in travel time alone
thus igneres the reality that rranspostation and housing are a bundled
goodin the minds of many households. Thus a new freeway or ral
[ne might indwce some househalds te meve farther cut and thereby
Increase total time spent traveling in return for cheaper housing —a
utility-rmaximizing chirce made within the limits of @ fued
transportationfhousing cost budget. Insuch instances, studying
impacts on trave! times alone becomes meaningless.

*  PathDependence and infrostructure. Once a daminant technology,
Fike the auta-highway combination, gairt zscendency, other modes
can be marginalized as functional carriers, to the long-term detriment
of aregion atjarge. Magridge [1697) argues that investing exclusively
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Hoyund Travel Time Savings

in 70ad transpart 3t the expense of other alternatives may cause a
lawer rwt wellare and higher congestion than 2 madally diverse
imvestment stratzgy, He contends that roadway capadity expansion
and sumilar congesticn-mitigation polictes actually increase travel
imes in the long-term in many wrben settings, Build ng en thecdes of
induced traval, Mogridge asserts that the model convergence of
switching from transit 1o auto tra M response to congestion-
mitigation policies vltimately leads to deter iorating transit service,
auto dependence, gross increases in travel time, and even more
congestion, Perhaps car-dependent LS. metropolises like greater
Lus Angeles and Housten provide the strongest empirical backing of
this viewpolnt. Despite averaging high levels of freeway capacity per
cepita, Los Angeles and Houston have over the past two decades
consistently rarked as among the most congested areas in the
country in terms of annual hours of delays per traveler {Schrank et 2l,
201

The obversa of this path dependency argument can be seen when
tracing the impacts of pursuing a more batanced, multi-modal
transportation program. In the case of Seoul, South Korea, for
example, road capacity has been reduced in the cose area (e.g., the
Chenggyecheon freeway-ta-g ¥ T 1 et of a
large traffic cirche In front of City Hal by an oval dvic green), replaced
by expanded Bus Rapid Transit (BRT) 3nd other transit service
reforns, Commercial and residential land prices increasad followl,
thesa road-to-amenity conversions (Kang and Cervero, zo0g; Ceners,
2020; Cervern end Kang, 2om). In Szoul’s case, property markels
ploced a higher premium on neighbo-heod quality, lvebility, and
pulhic amenities than mobility or swiftness of movement. Seoul's
experience also demansteats that the withdruwal of road capacity
matched by stepped-up public-transport services con vield net.
weifare henefits.

Time Loss = Reduced Productivity? Argumants that congestion
=d travel delay results in lost pradhistivity ave questionable, at
least as a carte Ginrche zssumption {Stopher zoog). While current
research on traffic congestion attributes substantial economic drags
to time losses or scheduling delays, t doss not effer eny guidance on
whether these delays constitute Toregane productinty.
Transportation infrastructure is not productive in and of itself; rather
the service and accassibllity premiums it provides enable

s transport savings that function as direct
inputs inlo productivity (Baarmer 1997 Altheugh congested
conditions may appear te be less productive than higher sp2ed, non
peak conditions, many users tlearly derive benefits from traveling
during szecific times tsuch as oeak commuting hours) and to specific
lacations, despite the lower travel speeds. If an employee finds that
his or her comrnute is 25 minutes longer due 1o congestion, he cr she
may leave for work earlier or may depart frorn work later in order o
make up the additional work time.  Also, 15 minutes of congesticn
delay would not replace econamically productive time for an
Individual traveling to a social event sfter shopping. While faregone
recreational tme would certanly be valuable from 3 cost-benefic

0

anolysiz perspective, it is not ecanomucally productive (at least in th
traditicnal sense of the word). Even for commuters, 25 minutes of
delay might simply replace 18 minutes of idle time that would have
been spent sometime during the werkday or 2fter work. Downs
{1852, 2004} argues that time stuck in traffic s not necessarily
stressful for some. Rather it might be the one time of the day when
affice workers enjoy solitude and quiet, comfarted by the cosh
intesiar of a car playing relasng music or having & nos tedena
high-end steres u o some, 5t an office bulpen separated
by thin partitions froen co.workers chating anthe phore might be
Just as stressful er unproductive.

i

4.2 MEASUREMENT ISSUES

Basides 7 challenges, econaimic iszle based on trovel-ti
metrics face 5 number of practical measurement-related prablems as well.
These are discussed below,

& Trave! Surveys Diata on travel times are usually abtained fram self.
reported travel diaries of a randem sampte of households in a region
This pases numergus preblems, especially in cities of the developing
world. One, nfarmality and incomolete land registries make defining
a population base from which to sample houscholds viltuelly
mpossibe. Since the pocs most Lkely live in informal or itinerant
sertiements, they are most likely to be ueder-sampled. The ssme
kols for any dota collection instrument veing randzm-digt disling of
telephone numbers since the poor are least likely to have a landline ar
cell phane. Two, travel-diaries presume lteracy and because they are
spif reporied, are easily subyected vo Based or incosrect responses,
Such lssues ace agein most likely to surfete for low-income individeats
and househatds. Hewever blases can also be introduced by failing to
compile data from the wealthiest members of wociety, A travel-diary
survey of hauseholds in Bogotd, Colombia, forinstance, rezorded hawr
respanse rates frem net only the twe lowest incame strata but also
the highest (Cervero et al, 10095.5 in a city cnce known as the
“kidnap capital of t rid* and where rarce -terrorist attacks still
occur, mast wealthy households have armed guards whose sheer
prasance deter surveyors from appreaching their propedties. Lastly,
heuseneld surveys fail to caplure nes-nome-based or non-househald
travel, such 25 by commarcial trucks, taxis, paratransitfnformal-
transpart, o inter-city through traffic.

s Derived estimates. Sometimes travel-time irmpacts are not estimated
directly but rather derived from estimated future travel speeds and
Inveking the questionable assumption that teip angins and
destinaticns will be unaffected by changes in transport system

o e o 1wt o | g i sgquatier
settieineims and either being uravailsble or unadle 1o camprebend tha purpode of suveyt
Wikgracy and cultural factans (e.g., unecmiorlabadty of haing somacae of 3 nigher incema steatum
s ovec! Fae pose rANES ATANG th Aowiwst ingeame:
steatum

March 2015

R1-GL-220

I-405 IMPROVEMENT PROJECT



FINAL ENVIRONMENTAL IMPACT REPORT/
ENVIRONMENTAL IMPACT STATEMENT APPENDIX R1 DRAFT EIR/EIS RESPONSE TO COMMENTS

GL14 Continued GL14 Continued

Batyand Travel Time Saniegs Travel Time Savings

performance, This is cammon practice in the World Bank M&E time |5 related to the regional wage rate (Small 2ag2, Miller 12835),

framewerk. As alepdy neted, smoother llowing traffic can unleash they do not agree on how to determing its present valug. Many cite

behavioral changes, such as the inducement of new trips or route hsif of the wage rate, however the rangt extends from virtually

st linputing travel timas can 2150 be problematic since trip nothing to vakses greatsr than the wage rate (Rovwendal and

durations often vary considerably from the statistical —eq., by Mijkamp 3005).7 Some analyses apply specific valves of tme to
time-cl-day, mode, section of cosridor, el,c rputing trave-time different socio-2consmic greups, Uip purposes, o times of day, while

savings from average speeds difficuly in the develop cthers use average estimates.® Some research indicates that

2 lengths and savings increments are valued diferenthy.
; @n incifference zone whersm srmall tirme savings are
Faw people wld notice a minute or twosavings on a
Computational armors are also possible when one invokes the simple of saving s ona inute rip el
2ssumption that changes m average ¢peed and travel times are Ee impressignatle, Due to the induced-demandfinguced-growth
peopectional. The current average speed is typically estimated by upgly-side expansions are likely to shave atéw
local teaffic engineers wring a finating car technique — e versys Dig perceptitle savings,

will pass as many venicles that passes it over a defined distance,

world due to huge variations given the md\c.-' errabic and sto Ll-iSll\

nature of traffic flo

estabiishing a mean speed for a particular time-of-day. Say the Mzasuring value-of-time is rmore complicated for nen-highway
recorded peak period average speed fora hypothetical 1o-km stretzh | infrastructure, This is partly due 1o the predominance of road
of road is 4o kph. And assume 3 road imgrovement |5 edgected to infrastructure incities Rarely will an isvestrnent in pedestrian
increase this fugwe o 5o kph, fanaring issues of induced demand and 1 nfrastructure increpse speeds and thus save time. Mew bike lanes

Inctsced growth effects, this is a 35 percent increase in mean speed. right divert riders from faster direct routes and thersby increase

Croes t ean average travel times similarly Tell by 25 percent® travel times. For irgnsit users, service reliability, transfer-free direct
Simple rmath shaws this s Incorrect (owing m different cenominators conrections, end perceived levels of safety may ke more heavily
used In measuring rates of change). it iakes 15 minutes to cover the wvalued than time [Train, 200g). For such reasons, relionce on

2o ke stretch at 4o kph and 22 minutes to do o gokph. That'sa 2o tirne savings a4 the core metric of econamic benefits of urban
percent deching in mean bravel time for 3 25 percent increase fn masn iramspoct projects engencers a road-based bias.

speed. Over a fixed distance, spaedftravel-time trade-ffs are not
strictiy propartic

»  Abtence of iond.uze adjustments. The failure of the vast majarity of
travel-forecasting models to a«cwtmr Iand vat aivstments poses
& serinus me it probl L g travel-time benefits
The absence of any hmrJ back lcop from waffic assignment ta land-uss
aflocations implicitly assumes that trip onigins and destinations do nat
chanige over time. As a result, Metz {2008} argues that the value of
activitles st trip ends "could be disregarded” since they are the sam2
btwesn the “do nothing” and "do something” akematives. While
travel demand might vary as a result of new infrastructure {as
captured in Lrip distribution, modal split, and traffic assignment
phases), the (.Langcj p eriging and destinations emselves (in the
haselis usirally ignered,  Thus, possible
-use adjustments —e.q., better rmatching of
Hirms and labor; agglomeration econcrmies from more effic
clustered spatial arrangaments; ncreased comp shnpp-ng —
grt overiooked. Implicitly, this absence presymes 1o sconomic
benefits ane -:,nFe—rqd by land-use ad ustments. Assuming trip origing i .
will nat change 0 amy transcort prevailng wage rate and estimates that g

and 3

) i estimate of fol spertation conts per autormalile milk inhe U5 —
infeastructure enhancement flies in the foce of theery, legic, and :.'.f;.‘;:of:p‘|’—_,c’:?n;¢m:. : =
emplrical evidence, ¥ A peojert approieal of ral capacity upgradiog, forexomple, set the valies of time of gk nccre

e aoes (LU552.40versus USsogeperhau] and

rabtaan uers 3T W Umes higher than loy-

s Valuations, Time valuation stems from cost-benefit analysis (CBA} theze with farmal yobs varre assunmed 10 v _: a o
< hit o Pt " USsn.7 USe130 par k ian, aocz) An appe il of 4 it
pethiocy il Somhet M\'r;':fm Eﬂ: altveor ';m s i prcpasal i i usedha velue o time £ LIS43,06 par haus ‘or thoss tveling by private
p ile rs agree that the vafue of wehicles and LS8 31 for pubiic transpost ricers [Workd Baew, Latin Amrica and e Cariblean
Finglan, 26230,
12 a3
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Ryl Trral T e Fruity Consideratisns

& TRANSPORTATION PROJECT APPRAISALS OF THE
WORLD BANK 6 EquiTyY CONSIDERATIONS

Refiance on travel-tirme metrics also ralse equity contems. Travel-Qime savings
accrue mainly to motarlsts, yat many poor in the developing world — where
mast Warld Bank whan rranspert projects are targeted — do not own a car o
drive. Their values of tirve might also be substanti, less than those of the
middle and professional classes. Forther, enhanced access oppamusnities
might be a bigger benefit = and contribute to the Warid Bank's cver-arching
shjective of poverty @ on — than reduced travel-time expenditures. The
ability to widen the Lerriccrial sg j hing, saving ¢o foed
purzhases, reaching medical cs, and seeking rducati
liksely to berefit the poor more than savirg & feve minuzes of time mo:
an expanded roadway,

Many of the issues discussed ia the preceding sectiens apply to project
appraisats conducter as part of loan packages for Worid Bark-funded profects
The economic appraisals of seven World Bank stucies were exzmined in terms
of their approach 1o measuring econemic benelits * Mest rely on travel
models to estimate differences (with versus without improve
wide VHT {reflecting tetal syst ida travel-time i
sddrass other Impacts, like reductions in accidents and air poll
consaquence of changes n both VHT and VKT, Benefits from redoced vHT
and VKT are compated Lo estimated ¢osts to come up with net present value
{NPY) and BenefitfCost ratios.

Few appraisals dealt with induced dermand or 2ny generated-trafficimparts
4 Hietie baneiits gver tint, Mast ppealsals did ot even Experiences also show that the poor are willing to trade.off travel-time delays
acknoviedge the possibility of induced-demandfinduced-growth impacts. To ferr lewer transe fares, parking r or fuel prices — i.e,, they tend 1o be rmore
the degres they are even used, itis not clear that travel-demand foreca: i itive than the non-poar. Mare papular
madals contan faedback loaps between trafiic ass cen sparked by increases in fu bus fares tha

g i akiotations). Models appear to g ; elays In travel tmes. For such reasens, the use of tr me savings a
term travel-tme savings end assume these will remain fced and urs singular metriz of benefits is all the more questicnable | @ equity point-of-

over the life of a protect, annualizing these values and extrag iew.
a set mumbar of years — and in so doing, fzilmg to account for
behavioral sdjustraents. Travel-d 1 medels Co ol appear to have been
estimated insame of the ponrest cities of the world, thus how travel-lime
<avings are derived in these sellings is unclear
® gport sectite: 1 eseani evalu tiones b e exvmined Far peoject aperaisils of propcscd
Iiess #nd grents for urban trenapert projects in Ghars, Hanei, Legos, Lima, Mumbsl, R de
Urumgur.
14 5
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Beyeng Travel Tume Savingt

7 ALTERNATIVE MEASURES

The critigues of refiance on travel-time savings 1o gauge economic benefits

dnes not mean they should be discarded, Rather they are justone of a number

of measures that should be examired when weighing ecanomic benefits of
highway, public transport, and other transport infrastructure investments. A
more complate palette of metrics for gauging benefits - one thet includes
changes in accessiblbty across o multitede of purposes - should be considered,

ACCESSIBILITY METRICS

Sofar, this paper has made the argument that one of the major benefits of
excanding roadway capacity #nd transport sefvices is to enhance access to
places whers trovelers want te go. Access is a thearetical construct as
opposed to a manfest behaviar, and for this reason can be difficult to grasp.
Access is about opportunities versus revealzd choices and gutcames.

Besidas mare direct!y capturing the baneflts conferred by trenspont
trepsrments, theinclusion of aczessibility measures pramotes a mere balprced
approach 1o bong-range urban planr i i
alternatives to :aflh’l irwestments strategics for redus g traffic congestion
and mitigating environmental problems, such as promoting efficient, resource-
consenving land-use arrangements This is because accessibility i a product of
mohility and proximity, enhanced by sither increasing the speed of getting
hetween paint A and point B {mabillity), or by bringing points & and & tloser
togather [proximity), or seme combination thereal, Sirce accessibility s
product ef both travel tme and the gesgraghic location of urban acivities, It
captures not onky the ll"'lp“IQ but also spatial dimension of rravel, Thus
sccessibiity mezsures glve legitimacy 10 land-use initiatives and urban
management teals in addition to supply-sice, mebility-anhancing mestures
Forusing on accessibility Improvemants as a goal reflects the “derived” nature
of travel demand and puts the fecus on promoting interaction —

sacial contacts, engagement with nature —versus move:
wiould argue most people want bo minimsze the time traveling so that more
tme can be spent at the destinatica. Framing the chjective a5 rr'oklr.g cities
more s:-'.esslh ie versus more mobile prompts & paradigmatic shift in planring,
g land and technalagles as bona fide
tools for o ‘nr‘agu‘;] uaﬂr vas and mitigating traffic congestion.

' Z i

While there is 2 conceptual elegance to gauging benefite In terms of chan
accessibility, operationalizing this Is not easy. For this reason, accessibil

typically handled qualitatively. The appraisal of s proposed BRT investrent in
Lrgos, for example, offered a simple qualitative statement in support of the
project on social grounds, noting "the proposed preject would benefit women,
the elderdy, and the physicatly challenged by responding 2o their needs and
prov tham with better access to basic sooial services thealth, schaol,
administration), jobs, ard markets, at a lower cost than currently avaliable”
{World Bank, Africa Regional Office, 2009, p- 26}

GL14 Continued

Altarnative Measures

These are quantitetive ways to gauge changes in accessibility. Golng from
concept to measurement imvalves math end, increasingly, the powes of
Geographic Information Systerms (GIS) teoks, Two approaches are commaonly
used: (1) gravity-lki (hrased cn the i, or ing Factor,
af a singhy-constralned trip distribusion model); and (3] mochronic measuves
ndicating the curmulative count of opportunities re achable within a ghvan

avel time er distance). ™

Aecessibifity is normally seeasured for specific purposes - cuch a5 accessibilitg

10 jobs, hospital facilities, retall outlets, etc. In the case of job sccess, the two
app-oaches to capturing 0ccess can be expressed as:

Gnyty-pased index:
(eH]
Al = Accessi
Jobs = #ofjobsi
Time = network travel dmes
1 = residandal zone
1 = employment zone
¥ = gstimated impedance coeficient
Isochirenic-based [ndex:
Al= L, { Jobs, {Timey £ m}] whers, in addition to above: (£

(&} = time threshold (2.g,, 30 minutes)

Gravity-like measures of accessibility consider alltrip-end pessibilities within s
deflned study area inweighing the drawing power of potential trip stbractions,
correctad for the friction of distare o time inreaching them. However the A
value of 2 gravity-based mezsure is often meaningless unless compared to
another value — such a5 the Al of the poor end ron-poor or of auto. highway
versus public trangit cptions. Regardiess of how they are measured, the valve
of an accessibllity index, fike any perfarmance indicatar, lies in o comparative
contest. Accarding to Handy and Mriemeier (1987, p. 2181, “no one bes
spproach to measunng accessibility exists; different situations and purposes
demand different approaches.

fsochranic maasures receive high marks for their transparency and
Intuitheeness (Koenig, 1980, Anyene canrelaie to a value suchas the
presence of 200 hospital and medical-clinic beds within a half-hows bus ride as

* o

wer mweasures, I ! I the

gt mlmdwbeaantww-—'w'r ar_-, gaF becaae of data
5%, Handy and Litfian, ace:)

Titatatizns (st and Kendo, 1293; Kitamura ot

3
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Beyand Trae Time Swvings

a gavge of how accessible ene is to medica] cere via transis. GiS allows
o bevisualzed, Perna) E §
enic measuras i they requi )
rdary for gauging access, which is sometimes arrived at subjectively

dinal Cemparizens

Cross-City uod Langit

i t advartane when usedasa
Batween places o Ina langitu
200La) did a crof omiparisan of Becess to o
i 3z Paula (Praga de S€) and Lon, don
g out how Far one <an get with

c vangport i Lhe eve

A5 ngted, acce: Y
tive indicator, eihe

by private ¢
rucing the cark i nspart sectar a
mare balanced transpartation are kong-range goals of S3s Paule's
n planners, then shrinking this cifferential cver ime would signal
ler ratic waould aisc beter reflect benefits accrued from

1and metrobus services tan would 2a estimate of transit

15-minute

reyeals that the near-

Ay are the oche in Fig
ined, they are also noncontiguous and spotty,
indicating la‘ge gaps in traasit serice coverage.

GL14 Continued

Aliemative

The Accessible City
How Far Can Travel in Evening Peak:

StoPaulovs.tondon Differential
Acenss by Cor Nn;:’l'_:»;ort i Car vs. Public Transport
ey 45 min. | 90
T T
I H
Sio 22 | 33
Paulo |
——- q
|
London 14 | 1.2
|
|
Green = 45 minutes Source: Casircli, 2009
Yeine = 80 minules
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Eryand Traval Time Sesigs i i e
i

Isochronic Measure of Jobh Accessibility for Mission Valley Tract
Number of jobs that can be reached via

Auto-Highway during P.M. Peak Hour ioibiromtie i it
Job Aceessibility
for Mission Valley Tract
Number of Jobs that can be

reached via Transit
during P.M. Peak Hour

060 min,
1,374,360

0-60 i,
206,600
0-45 min.
1,175,500 0-45 min.
280,400
< 15 min. =300 min.
283,600 173,700
=15 min.
20 min. 96,100
731900
“lacee i
Hdvantage: s
14,1, Transit Auto to Transi inas! o
56, 100 -0559
5-30 Min, 173,700 0 615
R 0-45 Min. 280,400 00614
2560 M. 05,600 063
i i B -
*HaAG (Modal Accessibifity Gaph = (A" = AAY + A7, where A7 « Al ef public trangport and A7
3 = Al of private transport.
: The comparative job accessibiditg of ayta-highway travel
public transit for residents of Mission Valley are Tabiea. Over all four
teavel-time rings, drivers enjoy a four-to-ooe scoessidity advantage over
trangit riders, |0 general, the farther out one goes from the center, the ab-
i 1
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Bryend Travel Time Savings.

zeeessibility advantage enjoyed by motorists over transit usars increases. ™
The comparative Al values were computed for g2 neighbarhoods in San Diego
inaddition to the Misslan Val'ey and averaged to derive a countywide

: measure of job y mode. Algo, smart-growsn and
business-as-usual plans h‘ 2020 ware compared nat eoly in terms of
canventional performance measures (ke VKT and VHT) but 2850 in terms of
howr they accessibility disad expedienced by transit
users. Transtt-oriented grewth could reduce the automcbile’s job-accessitiliy
advantage by 6o percent inyear 2020 compared 10 a busness-as-uswal
scenara (Cervers, 3008).

In transit-ariented cities, the accessibility advantage enjoyed by motarists,
swch as in San Biege, would flip in faver of transit users, A recent study
revealed that Mong Kong residents were far mare accessible 1o jobs vip the
lty's nighly integrated network of public and private bus, mel-o‘rm! Rrarmvidy,
ferry, ad even funicular thar via private car (Kwak and Yeh, 2004},

Increasing Accessibility ov Speawd?

As discussed earlier, studies show thet cagltal Investments in rozdways and
translt lines appear to increase the number and length of tnps mose th
reduce total travel times. Findings that poplz travel more and farther does
nat necessarly mean thay do sa by choice or derive utility in such beha
Highes sccessinil ty couid refiect the impacts of sprawl — (e, trip origing and
atigns being forther apart, praducing longer joumeys, albeit at faster
qe speeds. Expanded travel-sheds can equate with increased benefits
(e.g., productivity gains from better matching of firms' laber-ingut needs and
workars' job preferences) but also high envirenmental and energy costs.
Accordingly to Siegel (2010}, the yearly distance the average Amencan drives
dowshles every few decades —from g .0og miles per capita in 1960 togpé In
2000, Does this mean that levels of access or even qualiny-of fife for
Aamericans have similarly dousled? It for reasons like this that accessil
metrics sheuld to be supplementad byoﬁﬁ's—-ncsudlng changes in vehicie
mites travebed (VMT) and trave] durati - in evsluaring

proposals,

** Toble 1 probabiy underales the accersitiiny adhantagss of autcmobile trawsl dorauss cut-oh
vebicle txmes in accesting and waiting for Uansic are generafly undesstated Inthe 2one-to-7ene.
travel time estntes of franst

M e comzutod MAG leve eed mhfe:vm of Tobln 3} fe Hoew Kongwas -;n 36 i 1985,
derwnfeeen o gug, meaniag Lt
s accevibaity amroirooes whie viives dese to

* Gimilar sUABALS £ B2 g chaices. Undarthe theary of cholce,
howseholds search to Hnd the dght comiination of public services and accessibibly soaste
iz their ublity, Thats sapking teminimize Sommuting re (kely 10 pay highar rad. ectate
Rrices T jen-avcessible kacations (Alcnsy, 156y Muth, veBy). Thus exparded sccessballty can
i epaeded residential choe sets,

22
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Alemative Measures

7.2 MOMNETIZING ACCESSIBILITY BENEFITS

While accessibility indicators are useful metrics fer inter-moadal comparisaens
and assessing likely impacts of ronsportation and land-vse phans over time,
ey need to be expressed in monetary terms if they are te be of much use in
economic appraisals. Consumers no doubt berefit from having maore regail
outlets to chaase from. Employers smilarly benefit from an enlarged
Iaharshed fram which 1o seek out new workers and fitness buffs benefit from
haang moce recreational opportunities within ahalf hour of the'r residences.
Asgsigring an econamic value 1o such benefits, nowever, is challenging

Willingness:to-Pay Approach

One approach to valuing access is to measure willingness-to-pay, applying
sleted preference tachn/ques (Matz, 2008). Using various scerarios, residents
right be asked how much they w"u be willing to pay for incressed access 1o
shoppitg chokies. Or businesses be asked about theirwillingness to pay
fior shaving an average of 5 minutes off the caily commute of their work forces,
The willingness-to-pay approach, of course, rebes on subjective responzes to
"what-l scenarios. It presumes respondents hinee the capacitees to caref I ¥
welgh and valuz eptions and 1o make informed choices, even if they have nc
first-hond experiences with those chairas.

funetioning .'nauél,.i a.e thase sseking acce: ss;lae ctam;nu It" cpRna
shop ar business will bid up the price for well-locat ceessble properties
Land markets thus capitalize the benefits of sccsssiblity

To gavge caplizlization benefits, hedonk: price mode!s are widely consadered
to &t the best method avaiiable. Hedonic prica theary holds that most
cOnsUMmer Goods a bundle of and that thet chion price
can ke decompased ints the compenent {or ‘hedonic’) peices of eacs attribute
{Romer, 1974). Using estimation approsches lke ardmary least-souares
regrassion, hadonic price models apportion seles-transacted real-estate

values among causal explainers, shedding light inte the marginal contrizution
of factors liee accessibiliny, lznd use type, and reighbarhood quality 14 For
jpurposes of gauging tand-value benefits, hedonic micdels generally take the
form: 1= fiL, N, C), where Pl equais the estimated price (per square meter) of
percel i; Lis a vector of lucation and regienal accessibility attributes (e.q.,
accessibility to jobs); M is a vectos of neighborheod charactenistics (e.g.,
presence of inied land uses; median housing incomel; and Cisa vennf of

a5 whe OB On rents & oppased 1o 34 pelces Far reshestate transacticns (that an
apen, ammd-length transictions). Rental datacan b s aar, b that
do ot e, a-)|umrh‘fu'-arrar of cancestiors recetred by benants, Sven i coey
fa-f\ra:(uﬂ tevels o ¢ eife!
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Coantral variables In model attributes of property (e.
;

Source: Cervero (2004)

+ of Ladrooms); attribanes of neighborbecd

GL14 Continued

Bayend Travel Time Srvngs

controls (e g, fiked-effect variables).

Tabte 2 presents hedenic-price model firdings on the impacts of accessibélty
on real-estate prices in 5on Diego (Cervers, 2004}, This was part of a larger
study on the capitelzation effects of prosdmity 1o San Diego’s light-rail transi
line. Only the output pertaining to the impacts of Accessiblliy Indexes an
single-farmily home prices ae shown in the tatle, The madel, which explained
6o percant of variation i1 housing prices, shows that single family omes
fenchad mare than $1,000 for every 1, dditionai jebs within 3o-minut

peak traval time, ak giss being equal. Employment gegess via ransit increased
1he value of single-family homes even mare: for every 2, 000 adchlsnal jobs
within 25 mi nutes travel time by bus or rail, 535 value rose by nearly 6,300,
halditig exher factore constant. Clearly, homebuyers in San Diego placed =
high premizvm on job access by public and private modes of commuting,
cansistent with residential location Theary.

i i
| Standard Error |

ansit: fumbes of jots (i
itnute peak-period transit

L size, lecation); attributes of buildings (e.g., size,
rredian household incomes; schoo! scores);

Amere recent study of upgraded Bus Rapld Trans/t (BRT) sandres in Secul,
South xorea simi Iar. relied an hedonic price modeling to assess Impacts o5

Lath bl real te market performance (Cerverc and
¥ang, 2021). The study focused on hew changing from a medest BRT
curbiside-lane configuration 1o a mre sub: | dedicated center-

pperation got capitalized inta retail-commercial land prices. Datawere
compied for more then 37,000 commercial seal-estate properties withi
eszimated impact zone of the BRT-upgrade project for two Ume periods: 2001+
aoei, [curbside op i} and zacg- 2007 (center-| perations), Multi-
level medeling was used to estimate benefits of proximity, er access, ta the
BRT corridor before and after the upgrade. The coefficients on dusmmy
vanables that measured the shortest walking distance of commargial parcels
tothe nearest BRT indicated whether proximity aflected lard prices differently

S

P
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before and sfter the BRT improvements. Figure 5 plots these coeffiaents,
revealing the marginal effects of proximity on l2nd prices, exgressed in
percentane terms and over 3o meter gistance bands, relative 1o parcels more
than 300 meters away (defined as the impact zone of the project). While
acciss benefits accrued ta these living near BRT corvidors in both periods, the
figure revesis the benefits were more prominestly capitalized into land values
inthe post-period [3005-2007). Benefits were the greatest within 150 meters
of the nearest BRT stop. A recent study of aceess to raillines in Bangiak found
similar resuits, with the premium of transit accessibility estimated ta be s1o for
every meter that a property lies clossr to 2 statien (Chalermpong, 2007).

Margioal Blfecis.

wan Mol ED-80 BeIm JRRIS) 15BN MSOD ZIERMD 260G 370-3
Désnance #a thus Seaps (b

i
Mo F el BB
H
i
i

Hedonic modeling results such as those reviewed above express a monstary
Premium cor 4 by accessibility improvements. For purposes of estimating
a total economec benefit, the per square-meter premium needs 1o be
multiplied oy the number of sguare meters within the estimated impact xane
of 2 peoject.” If, for example, the mean land-value aremivm of 3

transpotation iMprovement is $16 per square meter and this benefit extends
over 100 hectares [or one mifllen square meters), then the project’s economic
benefit could be set at s10 milian, Valees might be adjusted o reflect

chi at.yes in capitalization impacts over time (e.g., over the senace-life of
capital project) or over space {#.9., reflect |1gihe fact that premiums vary
geograpHically, such s shown in Figure g}

The presence of land-value premiume shauld ot be added to the monetary
wvalue of traveldime savings. To do sowould be to deuble-count since land
walves embody travel time savings. If consumer benefits are measured as 3
funetion of hours of travel saved muitiplied by vsue of ime per hour, changes
infang valves, which capitalize these benefits, should nen be included 25 a
benefit {Mobring, 1363; Small, 19g99; Banister and Berechman, 2000). Thus,

benefits using hadanie-glics madel
results, see Conbiicg e Sy lmwerd {353,

w
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Beyeod Traial Time Savitgs

accessibitity benetits chould be treated as & supplernent to travel-lime metrics
or 2n zliemnative perspective for gauging mpacts, Mot an un-related add o't

Applying land-value capitalizations to measure accessitility might be
problzmaticin many develeping countries, The absence of well-functioning
land markets in some poos countries coubd distort @stimatas. Informality,
complex pattens of land tenure, and Incomplets land registries pose furt
hwrgles (Torhanzn, zoo4). Ome spproach meght be to estimate shadew land
prices however doing so for a multitude of informal parcels within the impact
zone of a ransport project Atight be impracticabls t Chalermpong {z007)
states that very few bedonic studies have deen published on the effect of
sransit accessibility on property valees cutside North America and Europe
bacause data are often unreliable er non-caistert. it could be that tand
markets in developing countries engender somany distartions and
misaflocations that reli :ting accessibidity benefits from land price dats
is neady]“pcwnh - ror -'4641 reasens, the use of accessitility indices as

© and - 30 35 SUPP! 3 travel-tin
estimatas — mghk be the best ore £an hope for inmany developing

v setlings.

Saving
(L=

7.3 ECONOMIC DEVELOPMENT IMPACTS

The benefizs of increased aceesibility can alse b2 pupressed ntarms of
segond-oeder effects on net econemic growth in & region. This might be done
using an input-sutput model that enumerates inter-ingustry production and
dinkages that occur bs a consequence of, among ather things, improved access
1o factor inputs (.g., labov, rew materials) end markets. Economic forecasting
and simulation models, such as REM, can use acoessibiiity along with other
input metries o predict changes in business output, sales, pross regianal
producy, emplayment, and pepulation oves specified time horizan,

Economic development mpu(b are typlcally treated as a second-arder "add

oan” benefit of transporiation piciects in Urban settings. ral areas,
hawever, they can very well be the chief ecanamic benefit. inmast rural paris
of deeelo.—: q countries, treffic levals are too low for there to be any

measurable benefit of a readway investment using conventional consumer
surphus . Howewver the praspect of stimulating trade and increasing
agriculiwral production might be Suw'an-ua J\m-l‘ervte.‘aluenanofa
proposed road upgrads between northeast Congo and the Central African
Repuhlic used 2 gravity medel to estimate that geods traded via this route

Alss, e el travil time savings, estrmates of capisalized land wlies Skely provide 2
Iower end rars r,vdb-wi um'f-murararuwi oed or transit fagi

] bt
b s th p,agmnow—fm non-derived, pypcholigical benefits of maverent (Metz,
2008

T-n!m.:hr b dane by using sales J«mmrv ices of loemal, registened progertics with similer
Bewels of decuss by [avec o rgiur tsans ard prowimity 1}
nfermal propery of intenst, adjust! g!.r differences n53e (.5, prsnk.- piped versus non-
piped water supply] sad neighborhicad (e.g, medanincame] charscteristes. Far mare oo shadow
pricing of lard miarket responses b tANSEOM-S3CHET MEvERions, see Asnett And HstKinncn
it

26
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woutd increase from a current value of USsa6 milion to USsags, nearly a Boo
pereert increase (Buysd el al, z030), The study concluded thattrade

Ly the ding would exceed costs by about $220

bl Iluo-| n\er 15 years, while generating millions of construction and
maintenanes jons in some of Africa’s poorest regions. While irade volume
exparsion is not a direct measure of welfars imprevement, estimates of the
growth and income-Inducing effects of increased trade can reflect gererative
(25 opposec to redistribetive) bensfits and thus should be waighed in
mvestment decisions (Frankel and Remer, 1gogl,

7.4 COST-EFFECTIVENESS MEASURES

Rather than attaching & monetery va 1improvements, cost-
effectivenses measures might be vsed Instzad. A cost-effectiveness metic
might express the number of additional jobs that can be reached within ens-
half hows traved tima per million doflar expenditure . Thes nstead of
attempting 1o 2ssign a monetary value to benefits (e.g., increase
Jabs}, only finoncial costs far project owtlays are monstized. Coer
on financial expenditures with isachronic indices of accessthility can vield a
reasonable performance messure that is fres of such problems a5 valuing time
or abtaleing land valustion data,

e b RN rial

Coet-effactiveness measures are Iikely better suited to many developing
countries where relizble data are imited and cutcomes are difficult to
measure. Cost-benefit analysis is not vsed in eveluating public works projects
& & schoc! building upgrade — when inputs cannot be easily transtaied to
outcomes (e.g., higher studert scores). Sirmlar chalteages in attributing
Trancportetion investments to accessibility ries prgue for cost.effestive
measures as & second-best hermative in some instances.
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Bayond Trave! Time Saving:

8 CONCLUSION

The widespread and indiscriminant use of travel-tirne redwctions as & stand-
alone indicator of sugoess in War d Bank azp-slsa!s of wiban wansport projects
£ twith nd spatial theores of how ¢ grow and
function. incongested, lc:l-gl owing zities with a pentup demand for
mability, unchecked sprawl, and o pondingly high induced-ds i
elasticities, travel-time savings is likely a poor mu-wrr of welfare m!f'ts
frem transpert Interventions, policy changes, end capital investments.

The estalilished practice of relying on time savings ac the principal measura of
eccnomic benefit of urban transpor projects needs to be questioned. Metz
(zood, p. 324) echoes this view: "lata on average trave! Ume offer no obvicus

support to the ides that travel time savings comprise the dominant eleman: of

the benefits from investments i tha trarspont system”. There is stronger
evidence that peop'e take advantege of transpert System e lom inthe
fora of additional access to desirable destinations, made possibde by faster
speeds within the fairly fieed Budgets of time avalabie for travel. Metz {2008,
p. 325} adds that “given the lang-tesm invaniance of average travel time, travel
time savings would necessanily be a transient phenemennn, Ina eontext in
which indivicuals tend to use improvernents in the transport systent to
mavimlze access”, Time savirgs is thus targely a shart-term benefic. Over
time, peopte tend to make fonger joumeye, not extra tips, Weighing impacts
an accessipility thus brings 2 longer tenm perspactive 1o the anelysis,
something that is needed grven the Nity-plus year servce Ffe of most copital-
intensive transport investrments.

Cancarns over induced travel, global warming, and auto-dependent cities call
for a more polanced, helietic approach to evaluating future wrban transport
projects. Framing evatuations In terms of accessibllity, net just mability,

allowss a shift from a traditional engineering focus on speed and efficiency o s
mare balanced perspective that weeghs seimental and social concerms as
well, Additionally, assessing Hpacts on acces: Ly elevates the importance
of land-use and demand-management strategles in the evaluation of
ahernatives. Basides accessibility and mebility le.g., speeds), a more rabust
znd inclusionary framework far measuring performance might alse weigh
Facters Bke sustainabifity (e.g., VKT and hors per capitall, ivablity {e g,
ratings or commute d-lays per capita), safety {e.q., road fatalities
per a0, b, , and aff vie.g, percent wages spend en
commuling in judging proposals.

To dats, accessibllity has been treated qualitatively in mast project appraisals
of warld Bank urban transport sector beans. 1tis not examived with the same
riger a3 projected travei-time savings. luation of BRT prop: in
Accra, Ghana, for example, used a qualitative scoing approach, subjectively
giving * itility for low-lncome popul: " a welght of 22,43 in jugging
competing corridses (Werld Bank, Africa Reglon, 20e7). Many appraisals
simply mention improved accsss in 2 list of "soclal benefits” as an adjunct to
ecanambc appraszls based mestly on savings in TFavel tme and vehicle
aperating costs. Separating mostly quantified "econcmic benefits” fram nan-
quantified "social benefits” gives the impression that accessibility impacts are

28
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secondary and non-pecuniary.

Elevating tha importance af accessibility and otf i {3 bike
sustainability in project apprzisals need to be done \nllh equity concerns in
mind. ifimproved access to jobs, shops, and nospital serdces are limited to
car-owning househelds, lttle pregress will be made i allevating urban
poverty. Itis thusimpartant that all pefermance rmetrics stratify results in
weays that allow the like! ributional equity impacts of a project to be
assessed. Addtionally, measures of alerdatility should be directly used 25 an
indicatar, kv and of itself.

Our cheices far evaluation are fortunately not “citherfor* - travel time savings
or aceessibllity. In fairly homogeneous smali-town settings where growth
rates are modest thus few land-use adjustments might ba expected, travel-
e sanngs rmight be an appropriate way to gauge bensfite in athers, sayin
fact-growing eities where induced demand phenc menon is alive-ard-well, 25
mwch focus might be placed an measuring accessil npacts, Intendem,
travel-time savings and accessibility shifts provide a rich perspective for
exploring the ecenomic benefits of proposed transport projects. When
supplemented by other outcorme maasures, like impacts on the esvironment,
safety, and vehicle op, 0 c08ts, the two can provide a fairtly complete
portrait of future eco benefits
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Beyand Travel Time Sivirgs

g NEXT STEPS

Teig paper arques for an enlarged, more inclusive set of indicetars for
evaluating tranepastaticn proposals in the developlng world, mest notably
elevating the role and impertance ef accessibility Imprevernents asa metric,
Hewe might this thecey be put inta practice? Givers the seality that current
appraisal methods are deeply antrenched and Instititionzlized, small,
measured steps should be taken, Accardingly, 2 pilat demanstration s
proposed. The aim should be to develep, refine, and apoly a practical "toel-
&it” of indicators forevaluating altermative urban transport proposals.

By wiy of llustraton, this too -kit might involve the following set of indicatars:

? withs

induzed traveldyced ot

Flrst-Tiey fchicatoss (with oo

wauld be made for estimated induced

duced growthimpacts. Such adjustments might occur through
feadhack laops in 4-step models or through p fi-e., appiying
induced trevelfinduced growth elasticitivs derived from comparable projects or
provided 25 meta-analysis averages) |See: Cenvern, 200k]. First-ter indicators
might be further stratified oy time.period (2.9, peak; all day) and medes-of
travel.

*  Envirermental conditions (air pellutien, nolse poliution, visual

impacts)
*  Eronomic develep impacts (emplayment, b s, Imnnetary
vzlue of private investments)

Second-order impacts generalfy reflect longer-term, delayed responses 10

changes in the urban transportation system. Ca methods might be
used, such as trarslating VKT and VHT impacts 1o air pollution levels vsing
emissicns-diffusion models. i impacts might be

estimated by applying wechnigues like shift-share forecasting, regional input-
cutput madeling, or ecenometric/structural-equation modeling, Due to data
and madeling Bmitations, mere quakitative methods {e.g., expert-Delphi
seoring) might ba wsed in many developing country contaxts to get at such
hard-to-measure secend-order impacts. In gauging Impacts on economic
development, care must be taken to distinguish those that are recistributive or
pecuniary in nature versus those that are truly generative and income-

GL14 Continued

Next Steps

praduting

mddicatars feith and withoug infuced £

Secgnd-Ther Supplemen)
arowth adjustments);
o Accessibility (jobs; medical Tacilities; ecucation; retsil-commerciel)
& Sustainability {e.g., change in VKT per capita; change in VKT per
)

income strata; percent of peak-peried traffic > 4o kp!
space per capita; ratio of public green space to pul
surfaces (e, parking and roads);
lingal kms of bskewaysfsidewalks per 16,000 inhabitants)

+  Affordability fe.q., percent daily earns spent on transport; mean
monthly transit fare paymants to mean mantily income)

emental second-tier indicators round out the evaluation

w socounting for a wider armay of impacts g beyend those
s of s2rvices. Degending on the
coutd be gauged using 2

& in rmean number of

These supp
framewiork
affecting direct wsers of trensport fa
availzhility of suitable data, Aroes:
ispchronic cost-effectiveness mes
hospital and clinic beds that can be reached within 30 minutes by pushic transit
— an indicator of "medical azzss by trancit” —per s on In imvestment
costs), Or accpssibility impacts covld ke monetized using hedoric-price
mcthods, Alternatively, sudjective scaring approaches might be esed.

In general, qualitative methods will need to be relied on to the extent that
network-based travei-demand forecasting tools are unavaitable for estimating
Empacts on VKT and VHT.

These multiple tlers of impacts are not additive. They represent overlapping
Venn diagrams. Accordingly, trying to cambine and force these metsics ir
Coal-Benelit Analysts framevwark would be futile and yield erroneous resulls.
Rather, consideration might be given te assigning refative weights to the
Indicators, based an focal tircumstances nd expert opevions

In clasing, ronsideratian should be g 1o pilot-testing and aperationalizing
the exnanded evaluztion framework presented in this paper. This would
irvolve choosing a case site and project, identifying aporopriate indicatars
based en local conditions and data resources, and carying out the evaluation
Field testing is the best way to move the theories and ideas cxpressed in this
paper ane step closer to fmplementation,
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Abstract A major public health gool is to determine
linkages between specific poliution sources and adverse
health outcomes. This paper peovides an integrative
evaluation of the datsbase examining effects of ve ar
emissions, such as black carbon [BC), carsonacenis HAsSeS,
wnd wlerafine PM, on cardiovasealar (CV) morbidity and
mortality. Less than a decade ago, few epidemislogical
sindies had examined effects of mffic emissions specifi-
cally an these health endpoints In 2002, the first of many
studies emerged finding significantly higher risks of CV
mabidity wnd mostality for people living i close proimity
to mijor roadways, vs. those living further sway. Abundant
epidemiclogicul studies now link exposure to vehicular
emissions, cherscterized in meny &ifferent ways, with CV
health endpoints such as cardropulmonary and ischemic
heart disease and circulatory-dissase-associzted mastality;
i e of coconary amery discese; acute myocerdisl
; survival gfter heart faihure; rgency CV
hospital admissions; and markers of atieosclerosis, We
identify mumerous in vitro, ia vivo, and human panel
s which could explain many
of thess cardiovazcular morbidity and monality &ssocia-
tions. These include: oxidative stress, inflammation, lip-
eperoxidetion and  atherosclerosis, change in Leart rate
variability (HRV), srrhythmias, STsegment depression, and
chenges in wasculer function (such es brachial amerial
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caliber and biood pressure), Papel stedies with accurate
expasure infoanetion, examining cffecls of ambient com-
ponents of vehicolar emissions an susceptible human
subjects, appear to confim these mechanisms, Tagether,
this body of evidence supports biological mechenisme
which can explain the. various CV epidemiclogizal findings.
Based upon these studics, the research base suggests that
venicular emissions are a major envirenmental cause of
cardi bar mortality and morbidity in the United States,
A 3 means 1o reduce the public Leslih consequences of
such emissions, it may be desirable o promulgate a black
carbou (BC) PMys standard umder the National Ambient
Adr Quality Standards, which would spply 10 borh on and
offrad diesels. Two specific critical research needs are
identified. e is 10 eemtinue research on health effecs of
vehicular emissions, geecous a5 well & particulate, The
second s fo wlilize identical or nearly identical rescarch
desigus in studies wsicg sccunate EXPUSIE MRS 1o
determinie whether other major PM pollutant sources aud
iypes may also undeilic the specific health effects found in
this evalvation for vehicular emissions

Keywords Vehicular- Dissel . Cardiovascular- Exposurc -
Ambient - Epidemiology - Air pollution

Intraduction

Metbod of assessing effcts of vehicular emissions
om cardiovaseular endpoints

A considersble lrerature base is now svailable relating
cardiovasenlar (CV) health effects from EXpOSUre o
ambient particulule mae: (PM) deriving from vasious
sources. Specific components of PM from such sources—
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which are & physicatly
likely have differential health impacts.

Vehicules emissions eonsist of particulate and Baseous
emissions, with biologically sctive carbonsceous products
present in beth phases. Black carbon, mainly from diesels,
is foumd in ulirafine and fine size factions, mainly less than
Tyun in size and predomisantly below 0.18pm (Mauderly
and Chow 2008). Such vehicular particulates ae ofien
coated with condensed organic and inorgmmic compounds
(Mandedy 2001; Health Effeets Institute 1995). Approxi-
mately 75% of diesel PM; s emissions consist of such
carbon (Health Lffects Institule 2003). Whi particulate
vehicular emissions per se, notably in the ultrafine fraction,
have been specifically associated with endpoints such os
oxidative stress and mitochondrin] damage {Li et al. 2003),
lipid peroxidation (Percira et al 2007), upregulation of
geres relevact to vase inflammation (Gong ¢t al. 2007),
ang early ntheroselerasis and oxidetive stess {Araujo et al.
2008), non-particoiste emissions have also beer spacifically
linked 0 a varery of heslth endpoints (Mauderly and
Chow 2008),

Our evaluation beging with the amaunt of
epidemiologicel evidence ch has become evailshic
mainly sinee 2002 linking vebicula: eiissions with a ange
of CV cutcomes, We fien ox. e in vite, in vive, end
human pansl studies to wnderstand if biological mecha-
misms have been identified in such stedies which would
explain the epideminlogical findings for each OV outcome.
Muny of these swdies use diesel emissions or diesel
emission purticalates, or evalumte effects from ambient zir
collested near highways in majur cilies with associations
found with black carbon, meinly & diese] emission. Thus,
our assessment assesses the cohierence of results across
different methodoiogies for CV endpoims, related 1o
vehicular emissions,

Interpeetation of studies related to oecuree exposure
ASSCSEMEnt

Before reviewing epidemislogical evidence linking vehic-
ulas emissions with CV endpoint, it i impartant o
understand how differences among studies in accuracy of
subject exposure to spatially varizble emissions such a5
vehicular emissions can affect the swenpth and biolegical
significance of associations.

Many miological and panel studies usc dat from
central monitors 1o characterize exposure 0 pollutants
which may have considerabic local varability and thus
da not accurately churucterize suhjects” exposure 10 these
emissions (Tio et al. 2004). Using centrel monitors or
cther less precise exposure estimation methods will result
in underestimates of risks (Zeger et al. 2000), including
those from vehicolar emissions (Adar and Kanfran 2007).

€) Springes

In muiti-pollutant models, dif: CXPOSUTE STOT Ry
cause risks 10 be trensferred fom varizbles having maore
exposure emror to those baving less {Goldbeng and Bumett
2003; Hennekens and Buring 1957}, Thus, it is essential to
understand to what extent currently sy
nclude accurate ink:
that might be partisularly 4
exposyres relute t2 the magninede and significance of risk
estimates, This oype of evaluat necessary 1o deter-
mire whether emissions from specifie sources rther than
others may be more critical to fegulaie 50 as to pressrve
public health. Even with subject exposure misclassifica-
fion, positive significant associations are not ruled out;
however, in such a case, they ere bikely understuted (Zoger
et al. Z000)

‘Fhis paper attempts 1o address these issues for vehicular
emissions s they relate to €V hesht endpoints, with

emnphesis on epidemi al g 13
reasonably pocurale subject exposure information. We
define “reasomubly aceumtes exposure” as that exposire
metric resulting fom a methodology in which the measured
exposure soncentation vares with and, therefore, seflects
reasonsbly closely the actsl exposure for the populution
that is being asszssed for adverse health outcomes,
Methodotogies which meet this etiterin would ineluds (18]
personal moeitrs, (2} menitors which follow subjects
closcly as they go abowt their daity s, (3) studies
wiiich use 2 combination of wind myjectories snd pollutian
mezsurements Lo enderstand what sources were influencing
exposure in the time periodish of inierest, angd {4) studies in
which: lhe monitar way in closs proximity 1o a roedway, and
the subjects of the study zigo lived in close proximity to e
same roadway 104 far distant from the monitor (Grehame
2004, On the other hand, an epidemislogicel study using o
central monjtered concentration and using this concentra-
tion as an exposure metric for subjects living over a wide
ares represenls indccurste exposurs for taffic-relued
emissions, because such emissions have substantial vari-
ance across a ¢ity (To et al, 2004) and even within 100 m of
4 majer hghway vs. farther sway (Zhu et al, 20024, b). A
fuller discussion of these issues is found in Grahame
(2009}, which condiders formally whether health effect
associnions vary consistently among studies which use
regsonably accurate subject exsosure information for
spatially variable emissions such us BC, vs. studies using
centrally mocitared comcentrations a5 8 proxy for exposure
e such focal emissions,

The vericlefirafic emissions category was selecied
since there is o luge and grewing evidence base suggesting
that waffic-related pellution likely plays an imporiant mle
in adverse health outcomes sssocisted with ambien
pollution such as wbar PM, including black carbon (BC;
White et al. 2005; Samet 2007; Adar and Kaufmann 2007;
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Li and Nel 2008, Delfino et o). 2008), the latter derived
primanly from diesel engines.

We ficst consider epidemislogical sdies which utilize
information relating proximizy of residence to major roads,
to determine the extent w which such peoximity miy be
associated with beslth outcomes such as all-cause or
cardiovascular medality and imorbidity. Some of thess
studies examined asscciations of specific velicular emis-
sions, e.g., BC 25 o nacker of diesel enmissions, with such
outcomes. Similar studies use modeled exposure to vehic-
whar emissions (BC, or mainly ousside the 1.5, NOy) at the
Tesidence, or use taffic density 25 a proxy for exposure o
vehizules emissions (u county level or within 100 m of the
residence).

We then consider studies which examine specific CV
binlogical endpoints, e.g, oxidative siress, iefammation,
change in EKG patiem (ST-segment depression), changes
in hesrt rate variability (HRV), vasoconstriction and
chenges in blood pressure, arthythmizs, and lipoperoxida.
tion/atheresclerosis. Such studies can vary considersbly in
accurscy of sulbiject exposire; again, we emplesize findings

wehicular NO; emissi usually dominate in busy urhan
ceaters lackivg major industry. In some caees, where
monitors were located in close proximity o major high-
ways, even 80; andior SO, from different sources,
including diesels before the 2007 chengeover 1o ubtra-low
sulfur diesel fuel, may be intermixed (Grabame and Hidy
2072, b,

Studies using central monitoring for several diffarent
sOurces, uding vehicles, did not always find daily
wertality or morbidity assceiated with vehicular emissions.
For \,wnprb Thurstan et al. (2005) failed to find

di o i mortali iated with
a taffic emissions factor in either Phosnix or Washington,
D, using different sowee apportionment modsls, Howey-
er, the daily momality study of Laden et al. (2000) irnmct
such associations, =5 dic the Schwartz (2003) reana of
Laden et 1. {2000}, necessitied by problems i the criging
stody wilh a statistical software package (which affected
many other studies as well). Another multi-city snudy
(Tanssen o1 al. 2002) i of air condjt
ing s en effect modifier, end found associalions for daily

fmm qludm: with more m.cu-al: expasure infi

dity (hospital ad. for CV disease) with disgel

evidence fic biological mech-

anisms i3 also exumined to uedesstand if there might be

commen threads which extend from wxicelogical through
penel smudies w0 epidemiological evahmtions.

Associations betwoen vehicular emissi and lung

. highway emissions, and vebicle miles traveled
per square mile (5effic density). Two recent studies bused
in Allani (Samat et al, 2008; Tolben et al, 2007} found
significant associnions berween vebicular emissions and

depurt draissions for CV disease, Howev-

«<ancer, and mutagenicity of vehicular ensissions, have been
Teviewsd {Grahy anc Schl
will mat be reviewed here. Similar] i
relating vehicubar emissions and }.ng.’\way prmlmm [
respiratory morbidity endpoints, such as asthma, will not be
discussed.

g

| evidence for i of vehicolar
issions with adverse cardi healih

Irmnyl ing healih effects ~=|n:,c|ﬁr o vehiculas eimissions

w.—.z;;cr et al. (2007), in o study ateo in the Ailanta area,
feiled 1o find associations between PMin, PM;4, or
vehicular emissions with daily morbidity (fe., anhythmies)

Four of these six multi-pallwiant studies found CV health
assoviptions with vehicwlar emissions, but nane of the
studies wilized exposure measusenents known 1o reflect
subject exposure reasorably scourately, because sl wsed
pollution meascrements from central monitors as 4 Proxy
for personal exposure. While these studies, mken es o
whole, suggest the imporance of vehicular emissions for
the health endpoints examined, srrength of effects may be
underestimated (Ito et al. 2004), and results are not -Jv»wq

studies has icoily been probl
ic. Eallv studies did not monitor for pollutants most closely
related 1o vehi emissions (e.g., BC} and, thus, could
nat find fations with such emi Later 1]
of the early studies were somerimes able to parss out such
associations, despite the lack of vehicular poliution data
{e.g, tBe Jerrent ex al. 2005 is of the Ameri

. Thus. the most credible stiudies linking spatialty
verigble vehicular emissions to vadous health effect
endpoints would be thase which comonstrate that the
ambient poliutant fons ulilized refate by
well to setunl exposure of populations examioed for health
effects.

O iong of wehicular have beer. shown

Cancer Society cohor [Pope et al. 1995, 2002Y). When
studies began 1o monitor specifically for vehicular emis-
s1wns such as BC, initie] exposure assessment used cential
meniter dita and essociations were often not robust. N0, is
#lsn seen as a merker of vehicular emissians, particulacly in
Evropean studies. Although NO; is emitted flom sources
other than vehicles, such es power plants end industry,

to drop by s much £ an crder of magnimde within 100 m
of v majer freeway. People living nexhy major roadways
will be exposed 1o grester amouts of vehicolar emissicns
snch o5 BC, ultrafine PM, ané gascous emissions, than wil]
those living at o greser distance (Zhu et af, 2002, Bj. Asa
result, the srudies first to show large adverse cardicvescular
effects clearly and consistently Inked to vehicular emis-
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stons were “lighway proscimity smdies.” These are studies
desigred to isolate the health sisks of living near & major
rond from the taditionsal tisk factors typically exsmiced in
cobot studies.

Conducted first in Westers Europe and Canadu, and later
in the US, kighway pooximity studies found significanth
elevited risks for candiovascular dewth or mecbidity out-
comes and for all-cause morality, for people living in close
proximity (usually 100 m to mejor roedweys or 50 m to &
major urban road), compared to those Hving farther away.
Severz] wilized dute from existing cohort smdies, adding
wnly the highway proximity variables. In different ways and
to different degrees, thess studies accounted for socioeco-
nomic and ether variables which could confound poliction-
heith asseciations. These sudies include the following

e are i

* Finkelstein et al (2004, 2005; ali-cause rmort
[relative risk, RR=118] and cireulaocy disesse mor-
tality [RR = 1.40], respectivelyl;

Hoek et al. (2002; cardiopulmonary mortality |
L935])

Gehring ¢t 21 (2006, cardiopulmonary monafity, KR
L7,

Tonne el al. (207; acute myocardisl infarction [MI],
RR=1.04 to 1.06)

Hoffmenn et sl (2007, incressed coronery amery
calcification: RRs=1.63 and 1.34 for distances of less
then 50 m and 51 w0 100 m from highways, vs, more
than 200 m distsnt); and

Hoffman et al {2006; mcidence of coropary hesn
disease, RR of 1.85).

These RRs con be compared 1o RRs for all-ceuse and
cardiopuimenary mortality of 1.04 end 1.06 {per 0pgim*
increase in FM; ) found in the American Caucer Soclety
(ACS) study (Pope et al. 2002), Finkelstein el 2l (2004}
found a significant mertality rete advancement peried of
2.5 years associnted with residence noer 4 wejor roadway.

Ancther method of associnting moriality risks with
praximity to traffic and highways utilizes different meas-
ures of wraffic density (e.g., annual vehicle miles per square
kilometer m a county, or daily vehicle kilometer within
100 | or a residence) &5 & proxy for exposure 1o vehicular
s Relevanl studies finding significant health
asauclauong with waffic density measures inchude:

+ Kan et al 2008 (incidence of coronary heart discuse
[CHD]: significant incresse in CHTY incidence hazand
ratic [HR] of .32 for those in highest quanile of raffic
density vs. lowest quartile, HR of 1.38 for those in
second highest quartile vs. Jowest quartilel;

Janssen ¢t al, 2002 (hospital admissions for CVDY, one
interquartile range [IQR] imcrense in vehicle miles

£ Speingee

traveled per square mile significantly assacieted with a
21.2% increass in CVD hespital admissions);

Lipfert et 21, 200¢a, b (ell-ceuse morality; betwesn
these two studics, 30 of 33 tests of traffic density
IOERSUrES WrE Sij iz single and maeHi-poll
models, with two different weys of steting risks, with
RRs centering around 1,16 in Lipfer: et al. 2006a"); and
Medina-Ramen et al. 2008 {survived after beart failure;
4n IQR incresse in daily treffic within 100 m of home
significantly asseciated with & monality HR of 1.12
afier adjustment for SES, and with a HR of 1.30 for
these living within 50 m of & bus soute).

The Mediog-Ramon e al. (2008) sudy found that &
mezsure of trafic density icle km within 100 m of
residence} was & stromger predictor of survival time afer
heart failue e were otter messures, soch as similar
distance o @ major roadway. This finding makes Duitive
sense—ideally, expogure should be = peaduct of hath
promimity and of the amount of pollution produced within
shat prowimity. Just as proximity of a residence to a mnjor
highway is a betler proxy for exposure (o taffic emissions
than is centrally monitored PM concentrations, traffic
deusity within 100 m of a residence is likely a better proxy
than distince of 180 m frem a major road. Distznce 1o 2 bus
route was also an important predicior of sirvival in
Medina-Ramon el al. (2008), suggesting the importapee of
diesel emissions.

Results of Kan et al, (2008) paraile! findings of
Hoffmann ef al. (2006, & thet both studies controlled for
iypestension, s mechanism by which noise might cause
saress and, thus, by which traffic might cause coronary heart
disease via noise pollution rather than chemical polhution.
As a result, findings assoeiating morality end morhidity
risks (0 proximity to busy highways end vaffic likely can
be atmbuted prmarnily 1o chemical poilotion rather than o
noise.

Using, geographic moceling systems (o relate indhvidual
residences to cither wraffic emissions concenteatioas, dis-
Tance 1o major roads, or traffic inensity, other studies also
found clevated levels of vehicular poltwiacts o be assaci-
ated with adverse cardiac-related heaith cutcomes. Exam-
ples inchide:

+ FRosenlund e al, {2006; NO; modeled to home
ignificant] iated with out-of-hospitul deaths,
OR of 2.17 for a $% to 95% increase in NO [in
Stocklolm, Sweden]);

' The traffic density was insignifizant cnly when EC was siio
inchuded in & mubispolwant model; & these cases, beth variables
e cose e significanes, bt maffe demity appeaned o be the
smonger of the twa,
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* Muynend et sl (2007, significant 2.3% incresse in all-
cause mortelity per IQR increase in HOC modeled to
heme);

Beel L al. {2008; significact RR of 105 for all-cause
mortality for a 53 w0 95% increase in blsck smoke);

Nafstad et gl (2004; significant RR of 1.1 for ischemic
heart diseage mortafity associuted with o 1Opsie®
inersase in MOy ot bome [in Oslo, Norwsy]).

Finally, Peters et al. {2004} found that a firet MI was
sigrificanily assoziated with being in traffic 1 h prior te the
event (odds ratic 2.92)

What afl of these swdies have in common is a
dewonstretion that people exposed o the higher levels of
trallic emissions found close to major wrban coads o

0 have about specific fitions or hiol
responses which could lead to these reported health
outeomes. Such information ean be derived from i vitr
and in vivo roxicelogy studies, as well as from human panel
smudies using vehicular emissions or arnbient air

Personal monitors would provide befte: exposise ssess-
ment then would a proxy for personel exposure, such as
distance of residence from & majer toad, or madeled
exposwe b one’s home. Although each of these proxies
provides far better exposure differentintion than would &
central monitor reading applied to all residents in a Jocality,
there will stilt be differences in daily activiey pettems ad,
thus, sxposures, among similarly simated pecple. Fou
cbvious reasons, cohon studiss of mortality and of iy
morbidity cucomes such as hospitel admissions for CV
disease could not utilize personsl monitors. However, for

fresways, of madeled 1o their homes, have higher lng-t
risks for ischemic heart disesse, acute M1 morhidity and
moriality, end all-cause marality, or increased risks of o
first-time Mt with short-term exposure to traffic pollution,
These studies, with reasonably eccutate subject expasnze
infermation for traffic emissions, have results wiiich often
(but not always} contrest with studies vsing central
monitors.

Several studies noted ahove also azsociated BO or its
near equivalent, black smoke, with increased marbidity end
mostahty nsks. otk et al (2002) found risks of cardio-
pulmosary mortality significontly associated with black

centain shest-term with fuisly high
frequencies, such as change in HRV, ST-segment depres-
sion, and ernythmias, the use of persomal pollution
monitocs or their equivalent may be passibls,

Oridative stress

Usidative stress 15 s mechrnism posmalared to be fnvolved
n wvarions PM-ndoced cardiovascular heslh effects, in-
ciisding chronic heart failan: (Mchfumay ot 2l 1953), acute
heant failuce (especially when patients had atrial o
ventrizular anhythmia [Charmiot et al, 2008]), and airia?

smoke (local plus d, RR=1.71; %

black smoke, RR=1.34), suggesting the greater effocts of
fresh, locel roodway black smoke. Maynard et al, (2007)
found that an incresse of oue IQR (mterquartile range) in
previous days BC exposure was associgled -

h & sl
icant increase of 2.3% i all-cause mortality in single-
pollutant modeis, and of 2.2% in two pollutant models,
Beelen et al. (2008] found significam increases in all-couse
and respirnioy modtality associated with black smoke and/
or NO; but not with PMa s or S0, Nafstad et al. (2004)
found & 10pugim’ increase in nitrogen oxides at the howme to
be associmed with signifieant incresses in all-cause and
ischemic heart disesse mortaliey of 108 and 1 11, respee.
tively. Relutive risks of cardiopulmonary monality of 1.57
and of all-cavse mertality of 1.17 were reluted to near-
highway NOy exposure in Gehring et ). (2006). Rosentund
et al. (2006) found an odds ratio for cut-of-hospital death of
217 related t» NO; exposure.

Mechanistic bases for adverse cardiovascular health
outcomes fram vehicular emissions-derived PM

In order to provide mechanistic plausibility for the
epidemiologizal findings noted ebove, it would be helpful

{AF, Neuman et al. 2007), Kim et ai. (2003}
found in AF patients thot pene expression profiles for
reactive oymen species were upregulated, while tase for
anti-onidanis wene downsegulated. Travanian end Drudley
(2006) paggest & unifying hypothesis that there are multiphe
triggers for oxidative stress and that oxidative siress,
whatever the origin, cruses AF. Furthermore, AF jmsslf
can Tesult in further oxidative siress, creating 2 positive
feedback loop.

Chehine e ol (2007) found bt individuals lacking
genes protective agains! oxidative siress (GSTMI1 and rhe
shart repeat varian: of HMOX-1), hut not those with such
genes, e wulnenable to HRV chenges due 1o pollution
exposure. Insdltation of urban air panticles and inhalation of
concentrated ambient air partiches ceased oxidative stress in
the heart in vive, &s well as reduction in HRV (Rhoden et
al, 2005); increases in beant oxidamt levels wese demon-
sialed by increases in chemiluminescence or TBARS.
Oxidant effects were abolished by the anti-oxidant, NAC,
When oxidative swess was abolished, HRV retumed 10
nomel (Rhoden ot ab 2005). Thus, findings of bath
Chehine e al. (2007) end Rhoder et al. (2005) suggest
that seductions in HRV appesr 1o be due to increased
oxidative stress. IF this s true, thep lack of HRV changes
muy indicate leck of oxidetive stress m some 10 many cases.
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Given the evidenoe that oxidative strese cam be mecha.
nistically linked to cardiaz pathophysiologs,
studies which find that exposare to vehic
generally, and to diesel emissions specifically, are linked o
oxidative stress,

Pereira ef al (2007) found thet in vivo exposure to
ambien! emissions taken adjecent to 2 busy mad in Porto
Alegre, Brazil caused oxidative stress and lipid peroxida-
fion in rat lungs, Similarly, Huang et al. {2003) found that
PM, o was more likely to cause lipid peroxidation iv hurman
bronchial epithelial cells than either M, 5 5 0 PM; 50,
and thet the components of PM; ¢ associated with increased
lipid prroxidation were organic carben (OC) and elernental
carben (EC), but not various jons.

A oumber of studics suggest that diese] emissions, most
specifically ultrafine PAM, appear to be associated wath
incrensed levels of cellular owidative stress. As reviewed
Grahame and Schlesinger (2007), 2 series of studies
demenstated the ability of both diesel emissions and of
umbient air in Los Angeles to exuse oxidative stress in vito
in bronchial epithelial celis. These effects were highly
ecorrelated with organic carbon and PAH conient. Briefty, Li
el al. {2002a) found that organic dissei emission particies
(TXEP) eaused oxidative siress in viro {marked by increases
m heme oxigenage-1, HO-1), and Li et al. {2002b) found
el concentrated emissions from Los Angeles air, collecred
from mear & major freeway, also caused incréases in
oxidative stress, e.g,, in HO-L Ulzafine (UF) fractions of
Las Angeles air siimulated higher production of FI0-1 than
did larper PM fractions (1.2 et al, 2003), Prodection of HO-1
was comelated with the organic aad PAH content of e
ultrafine PM. Electron microscopy showed these UF
particies p d intoy more easily

Mille et al. (2005} exposed healthy human volurteess 1o
diluted diese! exbaust (300ygin®} or 1o filered ai for 1 b
in & dovble-béind, mndemized, crossover study. The authors
found ther inbelation of diesel exhaust impaired the
neguinticn of vascular 1one and endogenous fibrinalysis.
Net release of “cloibusting” +-PA antigen was signiticantly
reduced & h afier exposuze. The wuthors postulated that
etfects might be caused by reduced availability of nitric
oxide (NO} in the wvasculature dus o cxidstive smess
induced by the ulrafine particle fraction of diese! exhausy,
providing 2 mechanistc lick for associstions between PM
and acute Mis. Consistent with this supposition, previeus
work has found thet the clirafine fraction of dissel
emissions (likely with afscrbed carbonaceons species)
causes greater levels of oxidative stress than luger factions
(Li et el 20024, b, 2003; Areujo e gl 2008} The results of
Mills et al, (2005 sugpest one possible explanation for the
significant finding of an initial myocardial inferction in | b
after being in traffic (as » driver or on public transit) nowd
by Peters ef al. (2004), and for increases in candiovascalar
monality linked to traffic emissions on high pollution days
(Schwarz 2003),

Because of it potential w be involved in varfous specific
aspects of OV pathophysiofogy, forther discussion of the
role of oxidative stress in pollutant-related henlth outcemes
is provided in discussions of individusl CV endpoints
below,

Alteration in heart rate variability

Many recent studies assess HRV, which refers to aleruticas
i the beat to beat heam rate ond is regulsted by the
autonomic mervous system. While nommal sinus thyim is
jzed by regular R-R intervals in the ERG, the

than did larger particles, and damaged dria. Taken
together, these in vitro sudics of Los Angeles air suggest that
the witrafine fraction of diesel emissions in Los Angeles air,
likely including wiirafine BC coated with o mix of organic
compounds, sppear 10 be causally related to the increeses in
oxidative siress also found to be caused by organic DEP,

Findings of oxidative stess were confirmed in vivo, in 8
study where HO-1 levels in mice exposed 1o the exhaust of
8 normally running newer diesel increased significantly vi.
filiered air control (McDenald et al. 2004} Furthermors,
when a new catalytic map was retrofitted on the diesel, most
of the carbonsceous emissions were reduced by large
percentages, BC was entirely oxidized, and the HO-1 levels
were no Jonger elevated.

The ponel study of Delfing et 2. (2008) used indoor and
outdoor monitars &t the residences of 29 non-smoking
elderly subjects with corenary artery disease livicg in Los
Angeles. Decreased levels of an enti-oxidant enzyme were
significantly associated with increased concenmmafions of
BC, primary OC of outdoor osigin, NO,, and ultrafine PM.

) Speinger

heart does normally show some variebility from beat to
beat. which can be measured by cxamination of these
intervels. HRV chenges appear to be predistive of MI for
those whe heve bad a previous M1 (Tepanainen o al. 2002),
or who have chronic congestive heart failure (Bilchick et af,
2002), Schwartz et al. (20052) found that hose lacking
the allcle for glutathione-S-ransfernse MY (GSTMT), 2
comparent of the cellular defense against oxidative smess,
PM; s effects on HRV (2 decrensc in high-Fequency
compenent, HF) is medinted by resctive oxidant specics.
Usz of stating, which have sni-oxidont effects, eliminated
the effects of PM. . on HRV. Thus, while changes in 1RV

may be a ciuse of cardiac monality, in pasticelar for diese
wha have had a previous ML it also appears 1o be ancther
possible sequela of oxicative siress n the heart (Rheden et
al. 200%; Schwarz et ol. 20088), which hes broader health
implicalions than change in HRY aloge.

Several recent studies with sccurate exposure informa-
lion suggest that cither vehicular emissions specifcally, or
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urban emissiors generally, are associated with chenges in
HRV. A literature se: was performed to find sudies of
HEV which used wnbient air and human subjects in the US,
amd which menitored for st ieast rwo of the three pollutants
(PMy., BC, sulfuse].

Adar et ol (2007) used & mobils movitor, which
followed 44 non-smoking rlde(l)f residents of a seniots’
heme who were going abowt daily activities, and found
siguilficant associstions between increased BE expasure for
e entire period and changes in six measures of HEV (see
Table 1), for two differemt time periods, a wial of 12
significant associations in 12 tests. When the subject
bearded a bus and BC concentrufons rose by shout an
osder of mugnitude, changes in most HRY meatures were
simitar,
warte ef gl (2005b) exarmined HRY in 27 senjors
living in elose proximity w a busy urban mad in Boston,
The monitor, located ahout 0.5 ke distans from the living
quariers and aleo adjacent to the same road, recorded BC
and PM concentrations which would mirror concentrations
ot the residences seesonably well {because of similar ciose
proximity to the maqor urban road). The investigators found
in six of elght tests (four HRV measuses, o time frames),
thet increased BC wes sipnificantly sssociated with changes
in different messures of HRV (a seventh test was bordsline
significant). PMas was significantly rssocimted in two of
eight tests. When zn algorithm was wsed o remove BC
from P« on an honrly basis and thus abtain a measure of
what the aurhors vmmi as leglcma[ My s without fesh
BC and lated i were found
betwesn PM; 5 and HRV measures (Fip. 11 These findings
appear 10 show that previous studies which did not mozitor
for BC and found asscciations with PM; 5, may have becn
deiecting unmeasured BC (i, vehicular) effects, and that
PMa s was associated with various changes in HRV only
when PM;; was highly comelated with BC, another finding
of Schwanz et ul. (20055).

Creason et al. (2000), in a study of 36 pon- smokrr.x
sentors with a mean age of 82, used wind tmaj o

monolonic decrease in HRY with increasing FM, similar o
the monotenic decrense in PM found in Schwarte et al.
(2003b) when the PM was highly correlated with urban 50,
The authors noted thar HRV reductions were found when
the emissions reflectad whan or indusirisl sctivity, but tha
thre was 10 toxicity in the 2 days with high PM from rural
areas.

Similar effects were roted by Pask et al, (2007), a study
of 487 male veterans, The auiors found that trajectorics
reflecting urban emissions (cither @ stagnant lacal air mass
in Boston or an air mass ransperted from the Washingron,
DC through New York City coridor) were associoed with
changes o several HRV messures, Two other trajectories
reflecting mostly rural sir masses were not so associaned,
even though itored levels of sulfye, BC, and PM,;
were very similar among the air masses. Finally, Ebelt et al,
(2003) used personal monitors in & panel sudy of 16 noe-
smoking COPD patients, and found that local nrban
perticles, but not sulfaces, were associsted with HRV
changes,

i

dies are ct imed by bl

aceurate exposure information, whethesr for BC (Adar ¢t al.
2007; Schwertz et al. 20055, for PM in urban/industria) air
muasses va. niral air masses {Creasan ef al. 2001; Park et al
2007) or for wrban emissions v, sulfate (Ebelt et al, 2005),
The two studies which monitored for BC {Adsr et al, 2007;
Schwarte et al. 2005b) showed consistently significan:
associations between changes in HRV measures and BC
concentrations, with vimally =o insignificant sssociations.
Further, HRV uhmgzs were essentinlly monotonic with
merezsing BC levels in these studies.

Since the main contributor to “urban excess” PMa g s
vehicular emissions marked by carbonceous species (Ran
et al 2002), the urban ve ruml sir mass results ace
consistent results of expasure to higher BC end
vehicular emissions in an urban arca. Furthermare,
Anseime ot al. (2007) exposed Wistar rate (ten healthy,
tex: with chron.r ischemic heant failure, CHE) to dilesed
diesel emi Ll decreases in & HRV messure

determine which nir masses {contining differeat types of
pollution) were associsted with changes in HRV. The
authors initially found a “U-shaped™ associstion between
increasing PM: s levels snd decressing HRV—as PM
concentrations increased from the lowest Jevels, HRV
seductions occumed with ineseasing PMy 5, but toward the
highest PM s concentations, HRY reductions reversed,
and ihe HRV measure returned to where it was at the lowesz
PMa s bevels (null effect). Inclusion of a 2-day air mass with
high PM,, (highest and third highest of 24 daye) had
ceused the reversion, On tiese 2 days, the investigators
found, wind trajectories showed thet the air masses had
come from rurel north-central Pennsylvania. When these
2 dave were removed from the amalysiz, there was &

(RMSSD) were chserved in both bealthy and CHF rats
tellowing expasure, & finding which parallzls the reductions
in HRV found in Schwartz et al. (Z0055) and Adar et 2],
(2007) in essocintion with increased BC exposuse.

ther extant smdies lucking sccurate exposire informa-
tion: for Jocaily varable emiseions because they wsed central
moniter readings for subjects Living over a wice arca,
generally showed weak (Wheeler et al. 2006; Park er al
2005) or non-existent {(Luthnann-Gibson et al. 2006)
associations for locally variabie BC (Table 13, while some
studies with centre] menitor readings still found aseacia-
tions with vehicular emissions {de Hastog et al. 2009), The
exposure ussessment for Luttmann-Gibson et 2. in partic-
ular, uses & monitor several huadred feet in the air, wdding

&) Springer
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Tabde 1 Vehbeuba emissicns end heast rute variohlity chumges

Sndy Subject
expasre meshod

Chamsterizstion of HRY chnges BC bevels

A In vive animal study

1. Anselme £ b, (7007 Irensdinte dcrease in RMSSDY BC pes mcavercd
in btk CHF and healthy rats.
immediately afier ex

% to basehine afrer 2.5 b

Healthy and CHE
siis expatad b
dicsel emussang

E. Human stedies
wilh nocumte

expasure
1 Schyaite ot ol Subjects lived adjecent Megatnic decreese in SDNN BEC mesn=1.2ugim’
(2005b} 10 same urban rosd 1 ‘with imereace in BC exposune;

which moritor was
adjcent, bes3 than

significent BC sesociations in
seven of sight tests (SONN,

1k disant RMSSD, PHMSe, LRHF, 1
n
e for PM wsﬂ-,om BC
now-tllie umdu} pastizles™)
2. Adar et gl {2007) Moniter followed For charge cf ore [QR, BC BT meno nof given;
subjects during siguificaatly mssociated with DC IQR for all periods
aetivities, in changes in 2] ix messtres of was 330 ng/m; Bar bus

MRY, for buls Smin and 24-h periods, 10 was
wemns; sharply incrented N ngim”
expesurs b BU when sebjests

v baves wseciziod with climges

of similar magnitude i il six

HREV mcasures (doercascs in SDNM,

PNN50=1, RMSSD, LF, s HF;

inerease i LEFHF), similar 1o

Sehrwariz &2 al (20050)

Tesidenes ol night

Sigrifieant inereases i SDAN, BC st mewsned
PN mvociared with “gpecd

shaage” sonre fztor, (keaking

ard diezz] emissions), bot nos

“erusal,” Vsl wear' o7

msoline foctors

Presence af young
patiol officers in vebicle

3. Riediler &2 81,
{R004E)
oz @ b before s

Estimsied nog-sulinte urban BN, . BC not measarad
associated with decreased

RMMSD, slfate nar sssacisted

Petsoal mosion
I povsel stody in
Vaneogver

4. Ebeh et al, (2005)

€. Haman stulies using
«cerrral monitors oot
far from strest level
{borizootal expasare
misclassificanion
1. Wheeler et al. (2006) EC nssociaed witk SDNN changes EC mess= L.éugim’
in orly one of foar tests, MO, in
amly 4 of 13 seem authors discuss
eaposume smrer due o spatial
vasiakility of N0y, pote “this grester
EXpaSUTE eral ¥
che foct than tzaffic,
spatially over shot disnecss, i o
sigrificant sourse of outdooe NOY™

Cepgral momitar for
greater Adunta area
subjects

BC gssocimed with o of four
messeres of HRY changes; expose
discussed in connext of Py
{limle exposuse sxvon) bt mod
discussed for BC

2 Pk e al (20053 Central monitor for BC mesn=092ppm’
sabjeets living withi

40 kns of monitoe
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Tabde 1 {contioed)

Study Subjeet
exposare methad

Clasacsesization of TRV chanpes B tevels

D. Studies ssing highly
elevated cenral
miitors (horizontal
und vestical exposise
rulzzlasedficaion)

L. Lunsna-Gibsea

et al (2006)

Cenmal monitar elevated
400 feet above twwn
where subjects lived,

1 mile tom montor

For BGR change in Phy 5 or sulfate, T im0 pptn’
sigmificant pedections in SUNMN,

RMSSD), HF, snd LF (suléite. banderline

e LE), e associabans for BO;

exposice ermor aor dissussed

SDNN stapdard devianen of pocmal-te-nereal islervals, RSSO sguare ool of mean sguaed differsnce betwesn sdiacest normal-to-comal

irfervals, PNV percentage of adpcant re

intervals kffering by more fhan 30 ne, £ bigh-freqeescy pawer, LF low Evquny

o
powier, LEHE o LF 1o HF, RR sisk e, OF odds racio, QR insrquanile sange increase, SO standand deviatien

substantial vertical exposure misclassification {Restrepo et
al. 2004} 1o the horizontal exposure misclassificetion (To e
al. 2004) found in Wheeler et al. (2006) and Park et al,
(2005). We are unawars of any stdy with reascnably
accurnte exposure informetion for BC or for whan
emissions which fails to find =ssecierions berween such
emissions and HRV alieration when the later was exam-
ined. A detailed review of US HRV studies wtlizing

ambient air end humas subjects concludes that resubis of

these studies appear to vary consistently with aceuracy of
exposwe w0 vehicular emissions (Grabame 2009), with
consistently streng BC associations with changes in various
measures of HRV, elmast always significant, only when BC
exXposure mezsurss are reasonably accurate.

To & study of 643 healthy men and wonen gged 55 10 75
and with no prier history of heart diseass or stroke,

M5 and SUNN in Baston Elderly
Eu >
R
2 0
=]
20
g
&
&
10 2 0 40

Smoothed plot of the percentage deviation from predicted
SDNN (based o0 (he made] with all olber covarintes) versus
Py in Boston, The Mattens
wmt at high inas where the dation between
Pz 2 and black carbon disappears, (Wording in origlani).

Fig. | SDNN manotenically decreasss with inersased My when
Phiy . is bighty vometeied with BE, but s ot affevied by risicg lovels
of PM; 5 when FM, 5 is highcr and comelated with regional PM, but
rat BC [from Schwars et al. (2005b), seproduced with permission]

Sajadieh et al. (2004) suggested the possibility of inter-
actions between HRV changes (imbalance in sympathetic
systzm) and subciinical inflammatory processes in promer-
ing atherozelerosis. Thus, there are likely linkages between
various aspects of cerdiopulmonary pathophysiology relet
ed 1o pollatant expoaure,

ST-zegment changes

The ST irterval in the EKG represents the period during
which the venuriclss depolurize. A depression in the ST
segment is ossocisted with increased rigk for fanure eardiac
events; those with undetected ST-sepment depression have
significantly greater risk of death from cerdiovascular
disease end atoke (Kur et al 2003). Pekkanen et al

§2002) fourd ebevated levels of PM; « nesy in urban arens
w be iated with ST-segr ion, but could not
determing which specific components of PMy ¢ resulled in
such & response. On the other hand, Gold et al, (2005), in a
sy with the same reasomably accurate exposure protocol
25 its companion study (Schwanz et 2, 2005h), found BC
strongly associmted with $T-segment depression. Toat
PM; s, which weuld include a mixmure of both regional
and local pollution, was not associated with ST-segment
depressien in this sudy.” Lanki et 2, (2006} fourd that of
several local and regional pollwants, only a traffic factor
marked by absochence coefficient (ABS, similar to black
carbon) was associated with ST-segment depression, Sub-
ject enposure it Lanki et al. (2006), however, wes based on
central monitor readings.

¥ Amother vehicular emizsice, CO, was alao 52 asosiated, butin o twa
poltutant madel with BC wag no kenger wgnificent. In sucies from the
19705 eod 19803, CO was found 1 be eipnificantly associted with
vasigug headth endpaints, but OO levels were more than an oeder af
magrinde higher in the 1970s tha they sre toduy.,

£ springer
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Although Lanki et ul. (2006) did not have as accurate
exposure charscterization as did Gold et al. (2005), both of
these studies cane 10 the samc conchusion, nzmely, that
vehicular emissions marked by BC or AHS were associsted
with ST-segment depression. This endpoint, as well as
HRV/oxidative stress in the hean snd embythming, is
among the likely causes for & first-time M1 ! b after being
in treffic (Peters ef al. 2004).

In & couble-blind, random cressover stady (Mills et al,
2007}, subjects with corgnary beart discase wene exposed
for 1 b to diluted diesel exheust or filtered air (2Hemating

failure when & subject had a ventricular amhythmiz. Thes,
ventricular archythmias and oxidative sress, otk of which
are linked to exposure o vehicular emissions, logether
#ppear o contribile to acute hean failure. However, the
tole of oxidative Stress es o specific cause of swch
erchythmies is not yet fully vndesstood. if oxidative sirzss
were 10 be the cause of VTI/VF, then the studies linking BC
o HRV/oxidative siress (e.3., Schwartz et al. 2008b; Adar
et al. 2007) would point o BC s ¢ primary eanse of
erriythimias os well, The actual cause of the oxidative stress
could be BC imelf, emissions adsorbed anto the BC, and'or

15 min of mild exerciss with 14 min of rest). §7-
depression occurred in both sets of subjects, but the average
change in ST-segment depression was twice as greal in
subjects exposed to diluwed diesel exhaust. This resull with
dicse] emissions paraflels resuits of the two epideminlagical
smdies of this endpoint reviewed above, which found
assocntions with BC equivalent, ABS.

Yen et al. (Z00E) examined left veatricular function in
healthy rats cxposed {0 diesel exhaust particles (NIST
standard) and in those subjected 1o isoproterencl-induced
imjury s 2 model for congestive heart fiilure, Die
exhoaust particles impaired left ventriculsr fanctioning, such
2z end diastolic dismeter, in healthy mice, and this was
further impaired in the myccardie] injured animals. This
suggests that acate exposute to these particles may rsult in
exacerbation of copgestive hearr faibore, which supports
epidemiological findings of an associetion berween PM
components, fine PM, O, and EC, and hospital admissions
for congestive heart feilure {e.g., Merzger ot al. 2004).

Cardiac armhythmin

Although some studies ha\b nsgciated mensures of air
pellutien with arhyth itered by implantabl
cardioverter-defibrillators {ICDs), none 1o date hwt ufitized
either personal pollution monitecs o ambient monitors
which follow residents of & seniors' home, or the specific
exposure protocal of Schwantz et al. (2005k) and Gold ¢ al.
(2005). Thus, the svailsble database having good spetal
exposure information, and whicl: would also allow evalu-

gy with BC,

Riediker £t al. (2004a, b) examined |1 different health
endpeints, including changes in supravemmicnlar ectopic
(SVE) beats, an arrhytimia variable, in healthy young
pairo] officers. Measurements for this emdpoint took place
10 b after a $-h duzy shift on reads and highways. TUsing the
suite of emissions measured, the authors established three
different factors of emissions, reflecting FM on road surfaces,
prsoline emiissions, and a “spesd charge” factor reficcting
acoclerating diesels and brake weer, Increases in SVE heats
were essocisted only with the speed-change factor.

Ebelt et al. (2005) alse found, in # study using personal
monitors, increases in SVE beats associated with ambicnt
urban PM and sisbient nor-sulfite PM, but nat with soifae,
in 2 pancl study in the Vancouver area. Talle 2 shows tesubts
of smdies of vehicular emissions ad erchyvihy stratified
as in Teble 1 by aceuracy of exposure.

Peters et al. {2000) examired the incidence of archyth
mias =mong 100 patients in easlern Masachusetts in
wanon 13 various air pollutants (Phyq, PM; o, BOC, NOw,

5, 00, Oy} measured in South Hoston, Associations
wers l}»md with PMs 5, BC, CO, and NO, a 2-day lng.
The strongest associations were found for BC and N,
which the authors took as evidence of effects of local
traffic. However, becange of exposurs misclassification, BC
and N0y, effects were likely undercstimeted, a possibiliny
suggested by others (Zeger et al. 2000; Iio et al. 2004) nd
discussed by authoss of several stdies with exposuwe eror
(Tebles 1 and 2). As Peters et al {3000) noted, “.
ww]ﬂ eﬁpcct any expwn:c misclessification [fora unn'a“y

i ]to.. bias t imates toward the aull.”

ation of those poflutants that may be i for
triggering amhythirias, is limited.

Albert et 2l (2007) exemined sisks of an ICD shock
during and after g, finding increased risk in: the hour
after driving (significant RR=2.24}. The risks were specific
for ventricular tachycardin o ventricular fibrillation (VT/
VF}, which occwred primarily in the kalf Lour after 12
(RR=4.46, CI=2.92 to 6.82). These risks are similar w© b
higher than the nisks for a fivst MI found by Peters et al
{2004) in the first hour after being in waffic (odds i
29%: 95% C1=2.22 to 3.83). Chamiot et al. (2008) found
that cxidative stress in the heart wes linked to acute heart

&) Springe

Dockery et al. (2005) followed 208 cardise patients with
implanted 1CDs fiving in metropolitan Boston for an
wverage of 3.1 years eech berween 1993 and 2002,
]‘o‘.]utl’mi (M2 s, BC, 505, paticle nomber, NO., CO,

2, Dy} was monftored at several sites i the metropolitan
area. Average concentrations were demcd for pol s
with muiliple No ions for
ventricular tachyarthythmiss were found fer an interquartile
sange increase in auy pollutant, for a 2-day poellution mean.
Hewever, when statifying by o recent ambythmiz, signif-
icant assoclations were foucd for PM; 5, BC, NOy, CD and
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Table 2 Vehiculsr ersissians and arhythmia risks

Shdy

Subject enpesire method

Risks of tmbythmiz

A In vivo anival wxdy
1. Angelme of ol {(207)

E. Hooan stediss with
Betursle expanse
1. Albert ot ol (2007)

L. Riediker ot ol {20045}

3, Ebeit ot ak (2003)

. Hurmem rcies uning cenies| mositem nof i oo
siest level harizenbl enposue rischesiScation)
1 Prises ot al (2000}

3. Deckery ¢ 2l (200%)

3. Meszaer el 2007)

4 Rich et ol (2006)

0. Sodies wrizg highty elevated centm] monitors
{hecizontal and vertical exposive mischsafization)
1. Sacrum et al. {2005

CHF wets expased 1o dieel
emissions; oo effect i
Ieaithy wans

Presence in vehicia
befirn KD evenia

Fresenioe of yaung parel
cificers in vehice for 3 b
‘befors test

Parsonal monikors in panel
sy n Vanceuver wea

Certnl mnoniter for eastem
Misachasetts s Seirets

Crntial anitor for ftects livies
wikin 40 ker of mesleor in Bosnen

Centrs! mceitor duty fo putierts
Keving in evero Adants area

Central macesitor Far stisjects
living winhin 40 lan
of moniter in Boston

Central menitar eleveied
400 Foet abovs town whers
subjects fived, & wil: Eom moniter

2005 bo 500% increase in
ventizuber prznans beats,
penisting up #o § h #er exposun

BR of 100 slheck i hoce ate
deiving =2 34 RR of venkicatu
tachyrardia or venoicular Sbillasen
i flf howr after driving =145

=~ #0% increase i SVE beats per
chenge of ie SI i “speed chings™
source facter fbraing and diesst
emivians), al mot i ‘et
“uteel wear” or “gasoling factors

Ambient 22 egtipasted PM; -, non-sslise
Py g sich asiocinied with — 02 SVE
effict estinste; salfete not assoclsbed®

mm tegheat ;do, s BC. thew

et aof gereous emizsion:
woward sl

\'ﬂnrm..lr h.:nymhwmu

3 days, suthors ge these
vehisslis eanissioes; Sor B, OR=1,

[P A ——————

Mo associniom with 10T even with P,
N0y, ©0, B, O, §0,; expasue
muisclpsmiliession dacenad, wady gy
ol cortrivute evidence regerding Dhesher
perconnl expesmne pay b s debpraiman
of vendriciliz techyarrhydenia™

No risk assaciezions for parovysmal wiris)
Sorillazion episcdes with Py, MOy, BC,
GO, ov SOy associabend only With ooean;

For S-dey mu:-g sverngs I polienien
centratice, OF. for heving an
for PMy gt 170 for sulfie;
BC

RR risk ratio; OF odde mia; ROR snterquarile range increase; JCO

shandard deviation

SVE lar estopy; SO

* Agsocintion taken from Fig. 2 in Ebsl et al (2005). Atsotiation in Ebelr e1 al. slso reponed fin Samat et al. (2006)] a5 & 22% incresse in pme of

SVE for sbjects whose mean rat= of SVE was 33 bph

£ Speinges
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S0y, and & bowderline significant associztion for S0, for an
interquartile increase in the 2-day polluti i
finding suggests that the mest avisk patients fn general
may also be most at risk for a paltution-related ventricular
chyerhyibmin. The authors took the assesiations with
PM; 1. CO, NO;, 2nd BC as indicative of a link with motor
Hicke emissions, and the sulfate association as evidence of
a link with regional fossil fuel emissions. S0; was highly
comelated with vehicular emissions and was seen as loc
origin, In light of the ings of Albest et &l (2007), the
fack of an associetion In this swdy with paricle number,
which is considersbly higher in the 100 m nearest a major
road [Zhu et zl. 2002a, b}, suggests that exposure
misclassification may alsy heve occurred in this stady,
perheps underscating effects of local vehicular tmlssmns
and ferming health Eati 1w other

{Goldberg and Bumen 2003). The authors note that ...
inpraved estimate of subject specific air pollution expo-
sures would be expected 1o find stranger, more statistically
significent associations.”

Ancther smdy having exposute misclessification, is that
of Metzger et al (2007), conducted in the Aflenta erea end
involving 518 patients with 1CDg; there were found 1o be
no i with tack for any of the
emissions manitored (PM,, ozone, N0y, CO, znd 80,

.., mereasas in VT/VE in subjecss half an hour afier being
in waffic, and of Riediker e1 al. (20048, B, which found that
the “speed change™ factor, marked by diess] emissions and
brake wear, was associsted with significant incresses of
about 40% in SVE beas. Of the four epidemiclogical
studics, noze of which had good expasure information far
nps:ially variable local vehicular emissions, two neverthe-

less suggest that traffc emimbons are muaml uurl

whythmias, and three di i exposurs mi
08 g m::ssib]c reason for resufts being smaller and weaker
than had exposure information besn more accurate,

The rapid inttiation of armhythmins afier cxposure to
dizsel emissions may suggest & direct effect on the
myocardiwn, Anselme o1 al, (2007) stasa that such a quick
Teipomse suppotts the idea thet agents such as witrafines,
gasses, or soluble PM do cross the pubmonary epithelivm
intg the circulation. However, mpid miliation might instead
support the Endings of Rboden er al. {200’5]. who found
thas isls of both the pacth &
thetic nesvous systems prevented ax.damc stress in the
heart ceused by mstillation of uthan PM ar inhalation of
CAPs. In this second case, it might not be necessary for
pollution to enter the bloodstreans, oxidetive stress in the
heart due o exposure 1o PA (Rhoden et al) or dissel
emissions (Anselme et al) might cause archythunias via

for 10 years, PMys and oxygennted hydrocarb for
4 years). Metzger et zl. also disenssed expasurs mls.lassl-
fieation,
regarding whether personal exposurs may be a determinant
of ventricular rchyarrhythmia™
Samat et &), (2006) emmn'ed pollutant associations with
P and i l jus. This was a
cumpumml study o thet of Lutmann-Gibson et i, (2006),
who exarired pollurion associatons with reduced HRV in
Steubeaville, Ohio during summer and fall 2000. Both
siudies used 8 monitor several hundred feer higher than the
living quarters of the subjects, and aboat 4 mile distant
Like Luttmenn-Gidson et al., Samat et al. found associa-
tions wilk sulfate, but not with BC, although the companion
study alse found associations with PMs s Expnsure
misclassification for locally variable emissions such as BC
is particulurly severs, &5 with the compenion study, due to
the monizer's heighc
Anselme et al. (2007) found an immediate 20006 to
5009 incoease in ventricular premature beats in CHF rais
vompared to heaithy rats exposed to diluted diesel
emissions. This finding is similar thar of Dockery er al.
{2005), in which the significant pollution associntions for
wentieulas ahythmias were anly for those whe had had &
previous arthythmia in the previecs 3 days vs, more healthy
people. The increase in arrhythmiss following exposure 1o
dicsel exhaust in Anseime et ol. (2007) appears 1o have its
strongest parallels in the findings of Albert et al. (2007),

£ Springer

direct modulaticn of the vagal rerve.
Inflammation

I m*m of an |r!':|mmalury FEpOTGE 15 anoth"r potential
g FM-induced i effects.
e ¢f el (2008) demensteated that reducing systemic
inflammation, initially marked by levels of high-sensitivity
[ mclwe protein (CRP), resulied in s.,p;mhmnt reduction
of lar events (M); fon of wistable
amgina; stroke; cormbined end point of M1, stroke, and death
from any cardiovascular cause; and death from any cause)
among these with kyw LI cholestero] levels <130 mg/dL)
but initally high CRF (>2.0 mg/L). CRP itself is not the
cause of progression of diseass, however, but rather an
indicator of inflammation (Schunken and Samani 2008),
Thus, elevated chrenie systemic influnmation appeass to be
a cause of increased cardiovasculas mostality end merkidity,
even among appareatly healthy people without yperipid-
emia. Systemic iflammation as marked by jnterledkon-6
(IL-6) is also ussociated with higher risks of morizlity
amang chéer femels CVD patients (Volpate et al, 2001) snd
with higher risks of o future MT among apparently healthy
men (Ridker at al. Z004),
Bonvellet et al

of which induced activation of pro-inflammatery NF-«13,
but the stripped carbonsceous core induced less intense
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responses. NF-kB & involved in ind of inflasy

tory cytokines such as TNF-o., [L-6, and TL-8. Bonvallot et
&l showed that DEP induced expression of a cytecirome P-
430 specifically involved in PAH metabalism. This finding
suggess the impertance of PAH ecgamc compounds in

biomarkers of infl (CRP, IL-6, and soluble
receplor-11 for TNF-oc) increased significantly with increas-
ing exposure o variows vehicular emissions (cument day
and mukti-day averages). Reduced anti-cxidsn: activity was
found fae all but three subjects with several different traffic
Amg PM size fractions, only the smafiest

diesel 0 EHISIng i
MeDonald et al. (2004) found that diesel slmssmr_e from
& relatively new diesel engine opersling in steady state
igmificant increases in several biclogical endpoints
in mice, including inflammatory cyrokines 1L-6, TNF-z,
and INF-y (25 well a5 onidative stress, us marked by HO
17, with exposures of 200u:g/m’ (6 Wday, 7 days). Use of o
catalyzing trap elimenated virtually all the black cachonznd a
large p af many 1851 and alsn
abalished the significant increazes in cyrokines and HO-1.

Tomduist et al. (2007} exposed 15 healthy men w diesel
exhanst or filtered air for 1 h. In those exposed 1o diesel
emissions, there wers significant increases in TNF-o and
-6, paralicling in vitro and in vive findings fust reviewsd,

Seaton of ab. {1599) estimated exposure to PM g in 108
elderly subjects in Helfast and Fdinburgh, modeling
estimiated personal exposures based upon sctivity dines
end mulliple monitering sites, Increased CRP was signifl-
cantly associated with city center measurements of PM e,
bur IL-6 was not. Another European multi-city study
(Rucker] et al. 2007) found in peoled results o significan:
increase in 1L-6 per interquartile mnge increase (IQR) of
particle number count 12-17 h before blood withdrawal,
and per seme dey IQR increase In NG, (primarily 2 marker
for vehicular emissions in Europesn ¢ies); no swh
association was found with CRF

Riediker et al. (2004u), Riediker (2007}, #nd Dalfino e
al (2008) zre examples of swdies with excelient exposuse
assessments. Both of the Riediker ef al, studics examined
effiects of & b of exposuse to in-vehicle pollution on vascas
candiovascular parameters in heshby yoeng susle paiel
officers. In Riediker ez al (2004a), clevased CRP was
significantly assecinted with in-velicle PM; 5, but not with
roadside PMgzs In Ricdiker (2007), IL-6 levels were
significantly incressed by sbout 20% for 2 one-standard-
deviation increase in n-vehicle PM; 5. Although TE-5 wes
not measwred in the 2004 study, and CRP was not measured
in the 2007 study, we can reasonably conclude that both
CRP and IL-6 are elevated when healthy young men are
exposed 1o several bouss of vehicular emissions at levels
found ingide on-rond vehicles.

Delfine et al. (2008) examined Yomsrkers of inflamma-
tiom, anti-oxidant activity, and plateler activation in & pancl
smdy of 29 non-smeking eldedy with CHD in refirement
homes in Los Angeles, Using monitors just outside and
inside the residences, the authers modeled concenirations of
oundoor emissions inside the homes, where subjects spent
most of their time. Deifino et al. (20068) found thet several

Tindings
reganding particles in Los Angeles taken close 1o freeways
with regard to oxidetive stress, as seviewed above. Particke
aumber, BC, EC, CO, and primery OC were also associated
with one or more of the biomarkers. Interestingly, secand.
ary arganic cuben showed no associations,

Thus, three studies of humans exposed to ambient air
with sccurate exposure monitoring found elevated levels of
infemmatory indicaters CRP ard IL-6 associated with
increased in-velicle PMas, or with several wvehicular
emissions. OF the other two smdies (Seaton et al 1999
and Ruckerl et al 2007), one found elevated CRP in
subizets in refation to modeled central city PM e, while the
other found TL-6 was elevated relative to centreily
monitored patticle number and NO; concentrations.
Ternquist et al. (2007} fousd ia healthy human velunteers
significant increases in [L-6, TNFea, and soluble P-selectm
24 b afier inkwlation (1 h} of 300pugin® diesel exhoust,
suggesting the roke of dissel emissions in the epidemiclog-
icel findings noted above. Findings of these studics are in
concert with fhe i vitro (Bonvallat et al. 2001) and in viva
(McDonald et 2l 2004} studies ieviewsd above as well.
Bonvaliol et al. establishes  possible biological mechanisn
of inflammation nveiving PAHz.

Zeka e al. (2006) studeed 710 members of the VA
Normative Aging Study cohart living in the greater Boston
area, with sir pollution measured at a cenfral monitor,
Despize the potential expasure misclassification, the authars
found en asscciation for elevated CRP with sn incrense in
wne stendard deviation in BC (for those with a BMI over
30, e.., obese). Risks of elevated CRP were approximately
four tmes higher for obese than For non-obese. Significant
essociitions were not found for CRF with other types of PM.
'I‘stc lncking a measure of genetic protection a!;pur-st

gL, CRET -nuill subjects, were sij
mare likely 1o have increased levels of CRP esociatd with
incressed BC concentrations. The suthors discuss exposure
musclassification, noting that & limitation of the stedy was the
inabifity fo measure personal expesure to different types of
PM, and that they “would expect an underestimation of the
wifects of air pollution observed in the present shudy"™

Atherosclerasis

Atherosclernsis refers to a thickening of the luminal well of
arteries that, depending upon the spesific type of conditien,

& Spsinger
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may of may not result in reduction in bleod flow.
is may be considered an inf) y disease

which progresses in cencert wilh oxidation of LDL lipids
(Steinberg 2002} Thus, initiation or sxacerbaton ef
inflarnrration, associated with pollutant exposure, may be
# mechanism for some of the bealth owcomes noted herein.
Bwdies reviewed above show ks between vehicular
emissions &nd scute HRY reductionsfoxidative stress
reactions. A study of 1,133 non-smokers in a Swiss cohon
(Probst-Hensch 21 2008) found that these with
h i fe ) ism deletions {which
reduce anti-oxident defenses) heve altered autonormic
eantrol, a3 marked by reduced HRV, The authors conclude
that their resuits are consistent with an imporiant pathclog-
semnie, chronic oxidative stress among the
fation. Although anexplored in this snady,

these findings may suggest ax well that vehicular emissions.
which ciuse acute axidative siress and thus change in HRV
may be ceusally related to increases in srierinl plague
formarion via oxidation of LDL chalesteral, In this regard,
Romien et al. (2008) examined residents of & Mexico City
nuesing home for 8.5 months, Mexizo Ciy's :1:wl=d

lesions were likely caused by the combination of oxidaive
stress and .nﬂannsa-\cn. Bs I:trt' sppear to be necessary for
of ail herp 2002).

Stucdies reviewed noted above found ambient levels of
fraffic emissions PM 10 be associuted with both onidative
stress and inflammation, Findings of Araujo et al. {2008),
with a sensitive murine model, are in concert with both the
findings of Delfino et al. {2008} and the epidemiological
results of Kueneli et al. (2005), ie., that pecple exposed to
higher annual levels of ambient air in Los Angeles had
higher prevalence of atheroscleratic plague or of impartant
presursess of such plague. The results of Araujo et al.
{7008 are also consistent the Endings of Roricu et al.
{"Dﬁs] who fourd that lipoperoxidation in residents of a

hi poliuted city was reduced by viss of a conunon anti-
oxidant. Findings of thess studiss are also consistent with
findings of studies in the scctions on oxidative amess and
inflammation, wilh regend to exposure to dissel enissions,
wrhan pollution, and specific emssions such as BC,

Gong et al. (HM)T) examined exposure to ambient
ultrafine panticks that were highly enriched in redox
tu]mx orgenic chemicals in t:rmx of prometion of

pollution levels contain high levels of vehicular
likely resulting in increased oxidative stress. Subjacts were
trented with anti-axidants (Bsh oil and soy oil supplements).
Both suppiements increased antionidant & Y, &5 WA=
sured by biomarkers of nesponse 1o ox stimali
[ghutathi {GSH) and CuZn supercxids di
(SOD) activity]. Those trested with fish ol supplements,
but not soy oil, alsa had 72% less lipoperoxidation. These
resuls suggest that chionie oxidative stiess caused by urban
]‘DL] 1 is linked to inczeased J.i;»opr(uimti{m, likely
1 of ath I phaques.

In the panel smdy of eldedy non-smoking subjects
seviewed above, Delfino « (2008) else exmined
associations of platelet activation, marked by soluble P-
selectin, wilh various emissions. P-salectin is an adhesion
molecule whick plays en importeut role in atherosclerosis
wiz lenkecywe mecruitment (Woollard end Chin-Dusting
2007}, Delfino et al. (2008) found increased levels of
soluble P-szlectin significantly associated with increased
levels of EC of sutdoor origin end primasy OC, suggesting
that these emissions can produce platelet activation and,
thus, advance atherosclarcsis.

Araujo et al, (2008} showed that inhelation of concen-
trated ultrafine PM from close to & Los Angeles freeway,
enriched in PAHs, caused significantly Iargq uﬂy alhem-
schevotic lesions in geoetically P E-
deficient) mice inhaling concentrated PMy s o l tered wir.
Exposure 1o ulrafine PM also resulted in inkibition of -
inflammatry cepecity of plasme HDL and greater s\slemac
oxidative -meu in part as evidenced by upregulation of

in mice. The i found that an
interaction between diesel exhoust particles and oxidised
LDL lipids synergistically affected gene expression
comesponding to pathways relevant to vascular flamne-
tary processes such as siherosclenosis, This study suppests
Low the Ilpsd peroxidation found in the Huang et al. (200%)

af, (2007) studies could lead 10 stheroscle-
rosis such as found by Keeneli ef al. (2005) =nd Hp-
operoxidation a5 noted by Romicu e al. (2008), Simékerly,
Sharman et al. (2002} found that people regulerly oocupa-
tionally exposed to vehicular emissions {auto mechanics)
had greater plasma susceptibility to oxidation, and, thas, a
goeater itk of developing athercsclerosis than did matched
coniols.

Kuenzli el al. (2008) and Jemett ot el (2005) utilized a
inodeled PMyo “surface™ created for Loz Anpebes by
interpolating datn froem 23 fised-site monitors, creating
within-city gradients for exposure to PM; 5. Mosor vehickes
are the major source of emissions in Los Angeles, since
other potenticlly mujor stationary sources of pollution (e.g.,
coal-fired power plants, steel mills, and coke indusiries) are
absent. Thus, PMz 5 in the Los Acgeles basin as a whole i
related primarily 10 vehicular emissions, although near pons
shipping emissions may alsn be impartant.

Using the ACS data base for Los Angeles, Jerrett et al.
(2005) found the relative risks for all-caee and cardiovas
cular mostality three (o four times [arger than in the original
ACS study, which examined inter-city cifferences in PM, 4,
i, intracity differences. Kuenzli et o). {2005) found highe:
levels af PM;s within the Los Angeles airshed te be

Mrf2-reg 1 ant-oxidan: genes. The an te

& Springec
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the carotid arery {associations wene strongest for women
60 years old or older) These sesulls, suggesting that
mainly vehicular-derived PM, 4 in Los Angeles may be
causzlly refeted 1o the development of atherosclerosis,
paraliel those of Hoffmano et al. (2007), noted sbove,
whe found that pecple living close 10 major weds had
significently higher levels of comnary atherosclerosis as
measured by coronary amery calcification.

Vascular function and blood pressure

Another potential h by which vehicular-derived
PM could cause cardiovescular imjury invelves changes in
vageular tone. Urch et al, (2004, 2005) exposed healthy
Fuman volunieers o ozone pius CAPs (concer
ambient particles) abiined in close proximity to a
Toromto fesway, The resultant increase in vasotonsiziction
of the brachial artery (2004 study) wus associated with EC
and OF, but nat with any of the other 23 components of
PM; maffic emi as a likely
causal source. Daasmlxc blood pressure {2005 study),
possitly related to e vasoconariction fiadings of e first
smdy, increased with increased levels of enganic carbon and
was stidbuted to raffic emissicns.

Miller ¢t al. (2009) exposed it sortic rings in vitre 19

Tous, Phye exposure wes pot associated with either
endpoint unless exposure level w taffic emissions was
stratified as “high.” 1 different methods of assessing
exposure to vehicular cmissions in 3 multi-city study, these
fnvestigstors found si SBP results 1o the studies ahove
uging CAPs teken from nearby mujor roads,

Findings have been inconsistent with regard to clevated
blood pressaze associations smoag studies lacking reason-
ably accurate information for expesure to focally varishle
emissions, such 25 those from vehicles. Toald-Mulii et 2l
(2004) examined 131 subjects with coronary heert discase
in three European cities, ussd centrally monmored PMp s,
aecumulation mode, and ubrafine parficle mass concen-
trations. Remlts were conmolled fon temperatute, baromet-
ric pressure, end relative humidity Very sinall negative, but
significant, associetions were found for both SBP and DEP
with pamicles of differeat sizes. However, the authors
coutioned sgainst infering clinical relevance fom these
findings. Zanobetti et al. (2004), in a study of residents of
greater Boston, found positive and significant PMa g
associations (mean level for § days before physician visits)
wil resting SBF, DBF, sd imen arerial BP (MAP). In
addidon, for those with re: hesrt rale >70 bpm, mean
PMy . level for the 2 days preceding the visit were
associated with i increases in DBP and MAP during exereise.

dissel exhavst pamicles (DEP) to explore i of
effects on vascular function. The autboss found that
oxidative stress ceused by DEP reduced the bicavailability
of endothelium-derived nitric oxide “withow prior interc-
won with the lung or vasculsr tiesue.”

Baroli et al. (2009) examined the effects of CAPs
collected adjacent (o a major wban rord on blood pressure
of dogs. Increases in systolic bood pressure {SBP), diastclic
BF (DBF), mean BP, heant rate, and rate times pressure wene
all associated with en IQR incresse o PM:s, BC, and
particle count, with the size of the effect increasing in that
order {BC marginally significars for systolic pressure). As
with the studics of Urch ot al. the CAPs wers taxen from
next ta & mejor road, exposure was sccurately known, and
the BC, carbonacesus sndior ubrafine PM (emited from
1raffic) were highly associated with the increases in BP.

dew 1] and pres-
sure, ag well 25 ;Ianﬂ.frﬂ sociosconomnic vanables, were
ted for. Pollutants were measured o cenual sites.
Asseciations were found with 50y, O, BC, but not with
WO or CO in single-pollutam madels, bat only PM; s
remzined essocieled wits elevarad DBP in multi-pollutant
models.
Thus, it appears that when Exposure 10 vehigular
ions are bly well « 4 when
ambient air is from near a major reald, or when results are
suratified by whedier sormeons lives near major roads or has
a Iigh density of roads near their residence—increased
blood pressure effects are comsistently fourd essociated
with wehicular emissions. Hawever, in the ahsence of
well-ct ized exposure ion for
vehicular i intions become { i and

Subjects in the muhi-city swdy of Auchineloss et al
{2008) were aged 4584 and clinically free of CVD. The
authors found several associations berween PM, 5 and pulse
preasure (PF), with only one model {which included wafiic
ermissions) finding essociations with SBP. Funher analysis
showed that when PM; . exposure for subjects was
siratified by efther of three taffic variables (NO; levels
above median; residence within 300 m of highway, or high
density of roads nearby residence), a 10-ugfm” increase in
PM; 5 wos assccipted with increased PP (all three cases)
and 5PE (two or three cases) when the traffic variable was
“positive,” but not when the maffic variable was “negative.”

hicle-specifi are Jess Hkely to be assovieted
with ehenge in blood pressure.

Lai et al. (2005) found that woll workers exposed 1o
waffic exhausts had significontly higher levels of plasma
WO, an agen: affecting vascular tone, than similar workers
not 5o exposed, suggesting another pathway by which
vehicular emisslons could adversely influence vassular
tone.

Perciz ot &l (2008) exposed 27 adult wvolmeers (ten
bealhy, 17 with metabolic synérome} to diluted diescl
exhaust (100 or 200pgm'PM,.) or filiered siv The
authors exemined Brachial amerial diameter change, and

0 springer
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collected systemic bload samples for endothelin-l (ET-1), &
wesoconsiricior, Reduction in brachial artery diameter was
lincarly related to increasing exposure concentration of the
exhaust, paralleling the findmgs of Urch et al (2004),
which used CAPs from nearby a Torouto freeway,

ing the i of diesel emissions i

Several toxicology smdies of gasoline emissions, using
peneticelly engineered mice, bave generated hypotheses
zhout their effects. Lund et al. (2007), in & sady using
#rherasclerosis-prane genetically modifisd ApoE™ mice,
showed that the gaseous fraction of gasofine emissions
wers inted with incressed markers of vasealar oxida-

for this endpoint. Plasma levels of ET-]1 were incressed
only at the highest concenrration of exposure.

tive stress and transcriptional upregolation of faclors
asmc\.md with vascu]s.r remodeling important o the

Campen & al. (2005) found (bt fresh diesel
G Cause VESCCORstriction in the blood vessels of mice ex
vivo, but that filtering diesel e:haun s remove panicles

1 of Campen et al. {2006),
using ﬂw same mouse model, found that fresh gesoline
emissions, but not paved road dusi, altered candize

did not change the prop of the
emisgions. Further enalysis suggested that two specific
BRSE0US o nis, aldelyydes and alkanes, appeared o be
responsibie for these effects, suggesting a potential hiofop-
ical mechanism for the findings of Lirch et al. (2004, 2005).

Changes o vescular homeostasis may be dus o
oxidative stress on endothelial cells or to systemic
inflammation that affects the endothelium, Pererz et al.
(2007) exposed healthy adults to diluted diesel exhanst and
used microarray lechniques o essess effects in peripherl
blood leukecyies, since these cells are nvolved in inflam-
mation and contral of wascular homeostasis, inchudimg
development of atherogenssis (Kristovich et al 2004;
Litby et al. 2002). They noted thet the diesel exhaust
exposure prefereanaliy xmdnmzd genes mmlmd in oxi-
dative stress, i and
vescular homeostasis, mechanisms by wll ch adverse iltB]th
effects may he modulated.

Research recommendations

Diffierent types of particles have different biological eifects,
and some are likely 1o be more banuful den odbers; oo
exangle, some might cause mose onidative stress. Addi-
tonsl effort is peeded fo move cleser 1o the goal of
regulating those specific types of particles and cinissions
which may have the greawst health relevence. Rescarch
recommendaticrs are made with this goal in mind,

First, abhough we suggest, based upon the data Lase
discussed, that creation of a black cerbon PM standard
under the Nations] Ambient A Quality Standards may
senve bo protect public bealth, there & still much reszacch o

P Should research estazhish that these emis-
sions 2lso cause serious harm 1o public bealh, wchnelogy
solutions will have 1o be found for these as well.

More health endpoints zppear to have beer exem:
diesel than for gasoline engine exhzust at this poin

for
espe-

cially when using ambient air or buman subjects or both;
thus, further research is needed. To catablish & comprehen-
sive and consistent basis of companson of gasaline with
diesel emis@ions, ways should be found fo test gasoline
emissions i

protocols using human subjects parallel to
ills et al (2005, 2007), for example.

prowct public health, It inay be reasoneble to think that
today, there are two widespread types of ab pollution of
public health concem: those fom vehicles and those fom
power plants, especially those conl, Two w thies
cecades wgo, wie of residual oif vse was moch more
widespread than mow, apd the oil ahio coutaimed higher
emeurns of mesals {V, Wi) and sulfir (Thurston and Spengler
1985). With less than 3% of electric generation from residual
oil today vs. 17 three decades ago, today's residual oif
emissions are lower and more locslized. Simdlacly, there
were formedly wore coking wnd nen-clectric are svel planis,
and these plans did not face the emission regulations they
face today. Thus, epidemiologizal srudies of the 15705 snd
19805 would have had io be attentive ta specific cmissions
from these sources in more locations end on a tiwe regional
seale than more recent shidies,

Many early studies of PM did 'm xecug.nm.. 5 WE now
do, either the & of y for
emissions from vehicles, or the need 10 have reasanably
eccumc expasure informaticn for such emissions. Now that

ifying these iencies are available,

be deme with regard to the different of

vehicular i Nan-PFM b

lar ernissions nave adverse health etfects (Mauderdy
end Chow 2008), but selatively little research has been done
1o date on them. Even if & black carbon sieadard were
negulated under the NAAQS, and even if as a consequence

we they Ix: used to exemine whether cardio-
vascular effects found to be nssociated with wehicular
emissions, a5 in the studies above, are also found with

ing coul emissivns (secondary sulfates
and cosl I‘I\ ush) as well a5 associated products of

of such a standard, many VOC aod SVOC emistions would
be contrelled simultaneously, gasoline engines emit many of
the same VOCs as diesels, and mony different ones as well.

€1 Springes

v Ivelving such emissions,
T]ma.. one Mmmcnﬂxlmn would be to perform rests
utilizing ambient air masses, as with the work of Schwarty
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Tablbe 3 Sumnmary of effects of vehimlar emissions and Elack cashan on OV bealth endpaints

Hursen panel studies

MeDaonald ¢ al, 2004 (dissel

Health eodpoint  In vt shadies In wive smedies
1. Oxidative Li ot al. 2002 (moresses
shess iy HO-, diesal B3

Li ex al. 2000 (increaces in
HO-1, mest harm caused by
uitrafines in Los Angeles &,
sorreined with ergacics and
FAHs)
7 HRV sliertica NA

emissiang, memased HO-1 in cormmal
aice; awidaive stess shelished with
wiz of catalyzing Gap which toully

climinated mest argaiss,
amuy FAHs)

Amselme et al. 2007 (demse] emissons,
HRY deereases i bealthy and CHE
rans omemediately after eaposine)

Mlls ot sl 2005 (dissel eaussions,
Bealthy human volunesss; reductian
i3 DA, impesmant of vmscular woe,
postelitad by suthars s be related to
exadative stress; aiso see HRWY Al=re
ation [HRV chinges often ceused by
exidative dress]}

Deifino of al. 2008 (decreased levels of
anti-axidant enzymie sediviry, in paned
of 29 nansmoking clderly nubjeess
with history of canonary atery dis-
ease pssociatad with BC, NO,, pri-
roary OC of oudzar origin, wnd
ultrafins PM. for coment day and
ey avemges, i ady with
exerlienl eaposue chatstlerizton,

using both indear and entdoor man-
itors 0: Los Angeles residences)

Adar et al 2007 {changes in six
differens types of HRV ssocired
with B exposi = subgects on
baz with Kigh B fevels, larger HRY
changes roughly cerespand with
Tuger changes in BC; moniter
Tt eshjoes whemves ihey went)
Schwartz et al, 2005k {chiiges in 4
ypes of HRY associated wich i
concenTmtions. but non with
concentations of nea-BC rgioesl
FM jerrs Tive o aame o s
meaitor i5 located, bows in close
praximity to 1oad, 0.5 milks spa)

Cresson ¢t al. 2001 (HRV changes
monolenically associated with
Enersasing PM: o afler twn days with

PMy from oely raral sources

elimitated from regression)

Eheh et al. 2005 (HRY assacistians
fowad Jor arnbicnt uzbas FM. not
found far sulfate; personal moritors
used)

In stdies wsing centul ewniion,

Whetier et al. (20065 ard Park et al,

{2005) show ssieciations with BC in

anly ene foarh of weets; Ltiman-

Gibsea ¢ &l 2006) find no BO

sasointions.

(2007) is same smudy e Pack
), bt uves wind

raj; o5 1o desermine soarses, thuy
ms better exposure informlics
Park et al, (2005); HRV sssociations
fornd for urhan air nusses, oot for
ural sir masses

B Speinger
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Tabbe 3 {comtinaed)

Heahth endpoint I vitre studica En vive stodies

Husian: penel sradiss

3. ST-sapment A
Degression

fajury)

4, Cardiae NA
Ankyismia

5. Vascular

Miller ct al, 2009 (dies:! particles
Tecuce biasvaibibility of

DBarwok et

Anselme e al. 3007 (liesel eesissions,  Albert &5 al. 2007 (rigks of
F00% to S mezease b vartroular  elevated i hour afier drivin,
premstuce beas
in normd sk

2 al. 005 {increases in mean,
sysielic aed dimtole blood jressare

Yiue ot al. 2003 (diese] exhausl partiches  Mills of sl 2007 (ST-segmrent depees-
paired lefl ventricutzr fonclicoing

healthy ratg, with T

impainment in ras with myecardial

n subjeces wits CHIZ expased
o dicsel emissons rese 43 grest s
for mbjecs without CHD, swggeer-
dap how diesel emissions could harm
soceptible subjects)

Gl c a1, 3005 {in paraliel sbady
Schuwartz et 2l 20050 HRV study,
&, with accurate sxpoture
informatkon, § depression
asgocimed with BC but ot with
FHag)

Laki et al. 2006 (in study of seveml
tecal and regiceal polkaents lacking
geed exgosure informetion, ST
sepmeet depression essotisted with
ABS [EU pqurvelent af BC] it mot
with sulfute or other pailutnis)

sheck

m CHF s, ba not 224; ritks for venteicalar Rbritlarea
or tchycardia clevated in half hoor
after deiving, RR~4,46)

Ricdiker et al. 2004z, b (~41% increme
in SV bests for clwage of one SDin
“wpeed change' factor reflecting
dizsel emissions and brake weer)

et et al, (2005) (SVE associatioes
feumd for ambiens urben PA, nea-
sulfite ambient wiben FM, Dot found
fer wulfates persanal morsitans e}

Petevs et al. (2000, Dockery ¢ al.
{20605), Mekzger et l, (2007}, nd
Sarnat et ¢l (2006} are extant shudies

of antytances wsieg cental manine

coaentiationt as proxies far aibject
expogune over lupe metropolian
arEas, cousing exposurs
mrisclassificasion; fira spacly finds
larger associations with vehicalar
eaissions (BC wd NOy) than wits

PMys; second study finds meific

emissiors more [ikely cawse of

; third sy finds no

ms; associmices in fourth
shady jore with sulfae but pot ity

BC; the firer three ahadies dissuss

expasure misclussification a5 pessible

reasan. for undersstimges of
associations

Tl ec al. 2004 (sigificast increase i
vasaeansition in bealthy buman

endotheliume-derived MJ insortic et found in dops sxposed o CAPsmken  volumiesss exposed 1 CAPs taken

Tings in vitto via axidmive stress,
without prios ieteracticn widh lug or
vascular tissoc)

Camnpen o 5], 2005 {fresh diesel pressuse)
emisgions and Sltered diesel exhaus
CHUSE VESCLONETICHON i mice oax

£ spetnger

from nesr major urban roadway; BC,
carkessmos patticle court
associated with increases in blood

fieom wear frecnay msociated only
with EC and OC smong 25
compoments of PM; 5 analyzed)

Urch: et ai. 2005 (significent inmrease in
hood pressuse i bealthy bucrar:
volunizers expased o CAPS oken
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Tahbe 3 jeemiinaed)

Health endpolor

In wimo shadies

1 vive sudics

Human pace] shadies

6, Indflammarian

wiva, sMehypdes sl alianes
meest likely dnvnived)

Bervallod et al. 2001 (dies=l emissians

woif dhesel anzasic extracts induced
increased fevels of pro-inflamenetcsy
WF-2B in hunan branchiak epithakal
celis; Jeas intensve offsess induced by
wripped surborucoous eare)

WeDonsdd o =1, 2004 {incrensed levels
af thnes infammatory bomarkes
(TNFeo, IL-6, and INF-v] aarociated
with exposure o diesel emissions,
effects abolished with use of mew
cetslyzing trap which siiminared BC
completely, lvgely slimineod most
erganics, including, maay PAHs)

From rietr freewny, possibly
amsociated with intrate in
vasacuodtriction i 2004 study,
related 1o traffic emissiors)

Awchincloss gt al. 2008 {in subjects
agad 4584, sysmabic blaod presaure
and puise presmare arsociased with
merensed PM: ; caly wheo mific
vansbles (NG, levels above medinn
valog, residence within 300 m of
bighweay: i high demity of mads
Desr residencs) wers “positive,” nat
when maffic vosiables were
“megative”)

Lasi gt 2l 2005 (1c2] warkess expossd to
tralf exheuet bad significantly
Bighses Tevels of plasma MO, which
affects vascular ane)

Prreiz et al, 2007 {in heality adual:
volkanters, diesel exhinsl
preferzrtially modulasd genes
invalved in oxidecive sess,
inflammation, leukocyte stivalica
and vasouler Bomseostasis)

Peretz et al. 2008 (in adalt volunseers
exposed 15 dicsel exhauss, redction
i brachéal artery dismeter linealy
relased 10 incrassing concentretion of
exhausy; plasma levels of endothelin:
1, & vasococtricioy, significantly -
creasod onby 22 200,20’ of diesel
exbanst, but ot 82 100 8/m’)

Deelfino et al, 2008 {several biomarkers
for mflzmenation [CRF, IL6, TNF-a
secepios] significantly iectassd with
increased concentations of BC, EC,
00, premary O:C, and with inereased
particle mancber)

Ricdiker ct al. 2004 (CRP slevated
with inzoeused m-vekicls PM, in
sty of patrol officers after 0.0 shir)

Riedikor 2007 (IL-6 elevated with
increased in-vebicle FM, in ssudy of
patzol officses afier 9. chih)

Tornquist =t ab. 2007 {dicse] emmistioas
mtregiod THT-o, 146 Jevels in
bealihy buman vobmmzers, v, filrered
alr)

Teka ¢t o, 200¢ (clevated BC fevels,
recanded af central monitor,
smsocioed with increased CRE levels
in the abes, oo in those lacking o
mensnre of geuetic profsction aggisst
ouidative swess, &g, GSTMLaull
subjects, Autbors diseuss exposure
risclassifisation, now it tey
would expect larger risks with benigr
EXpOSLTE SFEEmEnt)

& springee

0
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Table 3 [tentizued)

Hezlth encipoint  In vitro smdicy

In vive sudies

Huoman pans| studies

7. Atheroscleroels  Ses oxidative stors wnd mBasmaian
and

lipaperawidatios.  athmmselesos

sectiont £or in vitr work relevant o

cmused in farge par
by systemic intemctico of cxidative
stress and inflammation

Cong et al, 3007 (treracticn bermean
coxidized LOL lipsds and anganic
diege] emission extracts affects geoe

Arauza et ab H0E (Encrensed aaky
atlsrosclezotic lesans in Apol
sice breathing CAPs ambiens in
PAH from near LA Feanay,
exporure 80 ubtrafine PM inhibited.
nnti- inflarmatery samacity of plasma
HUL]

Cong e2 al. 2007 (Intersciion berwosn
onidized LD tipeds and concentraned
ultzfine dissel exhoug pastiches in

Sharmem et al. 2002 {auto mechanies,
ragularly exposed 1o highes leveds of
vehicular emissions fhan contrals, had
signifimadly Migher suserpribiliny of
plasma 1o oxidasicn)

Ditfinn et al. 2008 (levels af salubie P
seleotin, importart for platcler mctiva-
ton b atherosclerosss, significenly

Expression relevan: o viscular
miflanmmation and athereslaetic
pathwiays in hemen microvasenlar
endathelial cells; work then replicasad
in vive, with similar firdings — see by
vive, next colwnny

Huang es al. 2003 (P10 mare Hkely
12 causs lipopetonidizion in buman
hung el than Teager frections, GC
and EC bur oon varions jons
mssaciated with s effect)

Las Acgeles air offects pere
expressin comspanding to
atheroscherotic pathways in mice,
wigwed by uthors as eonfirming in-
wire finings in ol to led)

nrsociaaed witt increased levels af
EC of cutdocr orighe, primary O, in
spady of senfors ir: Les Angeies)

et al. (2005h}, Gold et al. (2005), and Creason et al. (2001),
in regiors such as north-centrel Pennsylvania or in central
New York State, whers on 1 days emissicns woald
reflect lide indusiriel or vehicular emissions relative o
wrban locations. To be censistent with many of the studies
reviewed above, recnyitment of those living in a refirement
ceater would be recommended. Would days with higher
todal PM; s, amdior with higher levels of sulfate, exhibit
similar changes in inflammatory indicators (CRP, IL-6),
levels of anti-oxidamt enzyme activity, or adhesion mole-
cules {soluble P-selectn}, as in Delfinc et al. (2008)? Such
proposed sudies should also examine blood pressure and
visoocnstrietion, a3 in Auchincless co al. (2008) snd Urch
et sl (2004, 2005). ST-segn i idati

importznt. For instunce, the “bighway gradien™ stuedies are
an exampie of the kind of innovation that caused resesrchirs
to focus on biological mechanisms of vehicular emissions.

More gencrally, the wse of new personal mmerstring
tools, such as vests being developed by EPA which are easy
to wear and monitor many different emissions, may
broaden the endpoints which can be examined with regard
to pollution associations. Amhythmias would be one
primary endp ince up to now, central manitors have
been used to provide polivtion data in studies of eriyth-
mins. Since this health endpoint has 1ot yet apparently been
examined in studies using sccurate exposure information
for vehicular emissions, sk as would be an excellont

stress, and archythanias should also be examined in studies
paralleling those reviewed above,

Wind tajectory snalysis, such as used in Park et al.
(2007) and Creasen et al. (2001}, and which Lippmann et
al. (2006) used to demonstate associations with Ni from
Canadian nicke] smelters on reduced HRV in mice housed
in a rural location in New York State, should also be used 1o
see if on diays with elevated measures of health effects the
air rasses might come fom en unsuspected source, as in
Lippmann et al. (2006).

These studizs would allow a direct comparison with the
studies examined in this assessment, and thus would cnable
researchers to see if smbient coal emissions, including
reaciion products, would cause the same cardiovascular
health efiects as diessl andfor vehicalar emissions, Recom-
mendation of research of this type, however, is not fo
recommenzd that more innovative research is any less

& sprimger

didate for use In studies with betler monitoring, perhaps
using the protocels of Schovartz et ol (20056) and Gold e
al. (2005). Funhermore, elthough W and Ni now tend 1o be
relntively local emissions (e.g., near major ports as shipping
fuel and in a few Northesstern locales), it is still imporant
1o separate effects of mewls From cerbonaceous matesials.

Conclusions

Epidemiologic studies with good exposure information for
locally varinble levels of particulate emissions from motar
vehicles consistently find essocietions berween such expo-
sure and cardicpulmonary disease maormlity, cireulasry
disease montality, ischemic heart disense monslity, and all-
cavse mortality, and with many CV morbidity endpoins,
such es candiovasculer hospital admissions, merkers of
atherosclorosis, survival after beart feslure, incidence of
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coronary hean diseass, initia] myccerdial infarction, and
aeule myccardial infarction. For sach of the cardiovascular
health endpaines *ewewed h‘rﬂn -D:uda ive mss lllw

changes, ST- A,
vascular f.mwou and blood pressure. and ulnmsc.zmls -
thers are ic studies og-

ical basis for how diesel andior \'dw:ula: emissions could
cause such oulcomss. The muchenistic sudics for cach
endpoint are bricfly summarized in Table 3. These
cardiovascular healih endpoints, in tum, provide multiple
i with value for the
mtnahty and morbidiey findings in e epidemivlogy shadies.

A numiber of the stedies reviewed in this peper exgmined
hurnan subjects breathing ambient air. Such snedies are
likely to provide information mos relevant to rtg\llmms
designed to protect public health. Smdies using

onto BC and alse mAy cause hezlh effects per se. Further, a
speciated BC standard wauld requive states 10 deal with BC
in areas nat in viclation of standards for PMy, but where
diesel health effects would be of consequence to public
health, ¥ it made senge to require new sechnolagy on rew
on-rond and off-road diesels—and we agres that it does—
then it makes even mmore sease to control emissions fom
the older, dirtier diesels which will be in operation for
perhaps aother 30 years.

Disclabmer and Acknowlsdgements This wock reflects the views
caly of the suthors, and dees ot neccssanfly refleet views of the
Department of Energy. The aushors thank JoAsn Yuill for her
excepticeal help, oot for the first time.

Opﬂl Aceess  This article is distribated onder she temms of the
e Conupans Nmbmm Nocommercial Licsise ahich per-

modified animals znd highly concentrated comgponenis of
ambient air, or using arificial atmospheres, are useful in
generatimg hypotheses, bul if these hypotheses sre not
werified in people exposed to wmbient mtmospheres, Giey
mey not provide en wdequate basis for regulation. The
datshase of ambient air srudies does provide substantial
evidence that the cardi lar health effects iati
with vehicular emissions likely reflect causality, rather than
Just statistical correlarion,

Studies have shown that emissions fom diesel engines
may be especially potent in producing adverse health
oulcomes (LS, Environmental Protection Agency 2002).
As of Javary 2007, EPA regulations require a new
cotalyzing mp on ol oew on-road diesels, These devices
reduce BC levels victually complencly, while also reducing
emissions of many carbonaceous species by large percen-
tages (McDonald et al. 2004). BC I likely an important
causal agent of effects with which it hus been associaled in
many smdies, both intrinsically and because many carbo-
naceous specics co-cmitted from diesels and other vehicles
can be edsorbed onto the surface of BC. In edditon, BC is
also likely & marker for harmful carbonaceous gasses which
may be co-emitted with but not adsorbed onto the partiches.

The EPA segulations do not exiend 1o retrofits, however,
and older dicsels arc the worst emitiers. Several states are
:aking action to reduce such diesel emissions. In Californda,
there wre now proposals to restrict diesels ficsn prior to a
parteular vintage year from operating in fhe ports of Los
Angeles and Long Beach, ualess retrofited wita the new
cetalyzing trap. Several localities are now requiring retrofit
progrems on certain clesses of vehicles, e.g., schoal buses,
or are advancing the replacement date for older dicsel
buges, A “speciated” BC standard would be more compre-
hensive than a patchwork of state requinements, and wonld
likely eause many siates to require retrofits of catalyzing
traps ont older diesels. This would reduce not just BC, but
also the associaied carhonaceous emissions which edsorb

vru_r. any ard in sey
medinm, provided the ongan! uthar(sh and source st credited
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Ehnlhe particies [UFFs, <100 nm) are produced in Lirge quantites by vehiodsr combizstion and e
implicated in eausing sveral adverse buman bealth effeois. Srcent work has supgested fla: 3 laoge
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1o @ddress thess knewiedpe gaps by distitling the resules of ‘In-transi’ UFP expasure studies performed
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were megsured, After weighiing mean UFP concentrations by the mumier of trigs in which they were
colloctod, we fourd overall mean UF? concentrations of 34, 42,45, 47, 49 and 5.7 = 10° particies )
Tor e bicycle, bus. autnmobile, rail, walking and ferry modes, respectively, The mean concentrathn
Inside awsorabiles triveling through tusnels was 3.0 x 16° pacticies cm 'Y,

Whide ihe wi found that the determinanes of
exposure (meteorology, caffic paameters, searte, fuel nype. nlmm wreatimwent techaglogles, bin
ventilatior, filracion, depasition, UFP iatility and maods
ﬂ.m that it I.s nat mﬂly .nppmpnm ] lank modes in or\iu of expasme without detailed

indicate that UFT expesure duming commuting fan eliet acote =m in both !-ulr‘; [t rm.m.
compromésed individisals, We sugpest e work shoeid focy
of in-trasit UTP exposure to total UFP expesure, explaring huwuﬁr heakh effects and imvestigaviag

expasures in the developieg woed,

2011 Elsevier L Alf rights reserved.

1. Introduction

“The study of commater expasure to tralfic-related air pollumants
5 ot a particularly new field of research. Among the first

Sanlr. who is best-known for his ploncering and enduring work
related to characerising phetochernical smog and ozone. In 1968,
he performed a stries of carbon monaxide measurements on
heavily trafficked Les Angeles roads (Fachsbart, 2007; Haagen-
Smit, 1866 Given popadation growth and increased mseor
vehicle use s'nD! that time, coupled with the lna,lldum of prox-
ity toe issue of “in-transit”

- chee ar: Kir Gty 3 Heskth,
Quesnsling Ueivenity of Tochroisgy. Brsbane, QLD 4001, Autirula. TeL: 461 7
S8 2608t 17 2050 S

e pddress: Lo skgat s (L Moswsina).

KISZ-2300)5 — see frons matter € 2011 Fhurwier Led A righes resersec.
o 10 V0G| atmeey D107 065

expusure to air pellutants is of equal if not greater relevance 45
years later. :

Frevious reviews of in-transit pollutant expesure, of which these
are few, have forussed on CO inside vehides [E)-Fadel and Abi-
Esber, 2009), particle mass concentrations and compasition in
al., 2007) and various
podlutants m midsple wanspart modes [Weisel, 2001). Only the
work of Kaur ez al {2007} included a review of ultraline <100 nm)
partictz (UFP) concentrations in several transpors avodes,

Af present. although gaseous pollutants are soill the focus f
mumerous mmmmmdl&w;ammmmg b attract
sipnificant attention. They arc produced in large quantities by fuel
cambustion. and heve been identified 35 3 eausal component
various pegative heabth effects in humans (Knol et al, 2009: Hock
el al, 2000} UFPS ypically constituse ~80% or move of particle
number count (PNC) in arcas infloenced by wehicle emissions
(Morawska ef al, 2008), and we vse UFP ta desaibe PNC
throughoar this aticle,
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The primary aim af this review is to distil the resylts of wark
performeed to-date in order o improve understamding of the
and of in-transit

effects of air pollutant exposure dering ‘transit. Marshall et al,”
(2008 reparted thar the aptimum bhalases berween high w)“c.
ab‘llh'md fow pellution

eapesure 1 UFPs, prior to a di of gaps In ant
suggestions far future research. Here, we extend the work of Kaur
et al [2007) by eonlining our facus 1o UFFs and incorporaning the
substantial bedy of redevanit work thar has appeared in the 4 years
since (o publication, which now constitutes the Large majerity of
available terature. Like Kaur et al (2007), we sestrict our investi-
pation 10 UFF exposure concenarations, rather than average or
integrated exposure for @ given time period. We note that dese

L which 15 a yet disti ta that
of m\lmtm 1935), is ot the main focus of this mevivw,

This review begins with 1n averview of the nature of commuter
travel prio: to a description of the general charateristics of UFFs.
This s followed by a detailed analysis of in-transic UFP exposure
studies. & discussion of determinamt factors, health effects, and
suggestions for futsre research.

11 Commuting i modern sooiely

The nature of modern seciety in many countries both affords
and expects a hegh degree of persenal mobility, Time-activity
parterns define how peaple apportion theis time arrass a range of
environments, and are a keystone of effective exposure analyses.
Tame-activity pattern studies of varying magninsds performed in
tifferent regsons hive reported that tine spent in-transit typically
constitutes between about 5 and 10% of the day (Klepeis et ‘L

higher in
2009). Evidently, there may be a significant locmﬂuuuuur.
componert involved in alr poilution exposure during Transi,

particularly for active tanspot medes, and this may reflact witer

and C ! ities reported for
severdd waffic pollutants (Marshall, 2008; Tonae et al, 2008 Su
et al. 2009). It showld be nated that both chiidren and adults in
developing countries gre unlikely to be afforded the lucury of
@ travel chodce, per 2o, and 2 relatively high degree of dependency
on walking and publiz transport may result from this (Saksena
etal, 2007} :

2. Characteristics of ultrafine particles

21 Ceneral

U g reflect the ibution of e -

PrOCCSSEs 1o @ P

ng
et al. 2008} Background concentrations are ascribed- 1o namaral -

processes, such that in mest emvirarments fee from the immediae

influemee of anthropogenic activitles, UFFs aoe present and tir -

woncentrations readily measured, Despite the aumersus natural
sources of UFPs, vehioular fossil fuel combustion has.repeatedly
been shown ta be their domisant source i whan areas, with.
h::vy-dury diesel powersd vehicles making a dispropostionately

2001), depending on locatoa. The transport
wilhan which this Hme i spent varies more subsantially beruwn
regions than the occupancy time, and has 3 greater dependence on
Yacal faciors. such as the avadlabiliy and desirability of varicus
ERNSROTT Cptions.

n peneral, these are scant 24 b tirme-activity pattern data fos
Ceveloping countriss, Saksens et 2l (2007) reported that time
spent travelling among 4311 Delhi residents ranged from 0.8 to 10X
of the day, and varied markedly depending on age. scx and ocou-
Ppativ, as i the oode of tansport used. 1t is lkely that the time-
activity patterns of people in rural areas differ significantly from
those of their urban counterparts,

12 Children's end odulr's frove! chaices

Chitdren are particelarly susceprible 1o negative health effects
caused by exposule (o air pollutants (Gaudeiman ef al, 2004
Brugge et al, 2007, Ashmore snd Dimitrouopoulsy, 2000), and
mary millians are tequired to commute between home and schoal
each weekday. The choice of which transpon mode school chitdren
weilise is noymally at the discretion of others. Whilst children and
young people have been reported to possess informed and
respensible apinions regarding transpart chodces and a clear ideal
towards cyding and walking, their parent’s chaices are guided
primarily by safely concemns, and place substantial reliznce on
private automobiles (Larenc et al, 2008).

Unlike children, adults gemerally make theiz own tmrel choces,

to LFF [Morawska er al_ 2008),

An imporiant distincticn is between primary and secondary
UFPs. The primacy wvaristy are emitted from their soume as parti-
eles, whélst secondary panticles are formed following hoogencus

nucleation of gases (Koutrakis and Sioutas, 1996; Jacosson, 2002
pre-

This oeours when a gas, or gases, nucleate in the absence of
existing surface {Jacobsca, 2002)
UFFs from vehicles can be emitted as primary pamicles or

generaied as 3 secondary aemsol, such as wlwlrm bomogenoas -

nucleation of 50, NHy and Ny info 50,77, KHy* and NOs
[Kr.uh akis and Sicutas, 19958 Morawska et al, 2008). The ratio.of
particies varies substantially
Upc aml operung and ditions, but-nuc
camprise imately SO o mare of UEPS in
.tl-:ﬂl exhaust fklw_hw 1998). However, more necent research
imdhicates that the number of aucleation mede particles in diesel
exhaist can be reduced to 40-50% when witra-low sulphur diesel
Tued is wsed (Ristovski et al, 200B) which is more representative of
modern vehicle fleets in many cauntries.

22, Typicel concentrations

Morawska et al. {2008) performed a neete-analysis of 71 UPP
studies performed across a diverse range of ervironments. They
found mean canrentrations of 26 4.8, 7.3, 108, 421, 482, 715 and

1677 % 10° particlesem™ for clean background, rural, wrban

background, urban, strees canwn. roadside, on-road aad tuanel
respectively, Th ooty (i

" A recent survey of 745 employed adults in st atia,
foaund that while about half of respondents fely
pollutants in-transic negatively affected theis overail heaith and
fncressed their risk of cardiovascular disease, only 13% indicaied
thar expesure 1o pollatants was a bamvier to thelr adoption of
walking of cycking to work, and thar ether factors were more
responsible for their high level (2] of deperdence on private
wansport {Badland and Duncan, 2009]. Fusthermore, Badland and
Duncan [2009) found that sdults whoe were better educated and
lived in usban areas were most cogalsant of the pegative health

vehicles is asscciated with Inmm-d UFP cancentrations, amf
‘underscores their imparance as a URP souree.

23, Health significance

Once inhaled, UFPs can reach with the alvealar region of the Y

human lung with greater efficiency than larger particies dise 1o
their smaller size, mﬁcmdepusmun'wa munxrubcreirnm.
their rapid etal, 2003; Fhalen
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et al, 2005 Framplon, 2007} Due to their content of reactive
oxygen specles (ROS) and large combined surface arca, UFPs from:
vehicle cmissions have the patential o damage pulmonary cells
{Belfing et 2. 2005) Transition metal components in UFPs ane
believed 1o play 2 mie in producing ROS, along with pro-oxidative
organic hydrecarbans {15 et al, 2003) Mdlmnly. targen cells,
such as ainway cpithellal cells and mecrophages, preduce ROS
during. hdns»n!y catalysed Teden reactions eccurring in the
i et al, 2003; Nel, 2005).
UFPs can evade alveolar nacmuhag elearance from the lung and
enter lung cells, the interstitium and possibly the vascular bed
(Griser et al, 2005; Frampion, 2007}, and can traved from the lung
iz blood and lymphatic circulation to other cegans [Elder ef al,
2006; Samet et al, 2009) UFFs are more proatherogenic than
Larger plrlllfs due 1o thelr greater biowwaitability of reactive

tent of red Bigh Aumber

W resmicted our investigation to studies that presented
memesic values of UFP cancentrations, ard identified 47 that ful-
filied this sequirement. Tables 5157 in the Supplernentary Infor-
rnation file contain detalled information on the varicus studies.
These spanned G distinet tansport medes: automobile, bus,
cycling. ferry. rail and walking. Some studies dealt with multiple
transport modes, whilst sthers facuseed on 3 single mode, OF the
smudies wr identified, only 7047 (15%) had previousty been
reviewed by Kaur et ol (2007) which highlighis the rapid
progression of research related 1o in-transit UFP expasure since
publication of theis work

The mean concentrations extracted (ram the stadies identified
were weighted By the corresponding number of trips raken, atd

wverall trip-weighled mean UFP exposure concentrations were
caloulsted for each manspert mode (see Tables 51-57 in the
Supplementary Iaformmation filz) The overwhelming majesity of

o incraased Jjo and Nel, 2009},
Epidemislogic investigations of 1FTs have been constrained by
the scargity of UFF monitoring sites and the substantial spatial
heterogeneity of coacentrations (Brook et al, 2010} Studles per-
formed to-date in Exfust. Germany, have indicated tha UFP eflects
on daily mortality may be of comparable magnitude to, yet inde-
pendent of, those of fine particles (ie. Phs), albeit with greaser
ind their effe

- time kag between UFF

{
and Peters, 2000). More secent gesults from the same long-term
study U
concentrations znd both total and candio-respiratory  daily
mortality with a four day lag period (Stolzel er al, 2007) tter-
estingly, this study found no association between PAI;s mass
concentration and morality. Mortabity from stroke amongst aged
residents of Helsinkt during summer was associated with both
PMps and UFP concentrations on the previous day, and effects were
mosily independent (Ketiunen et al, 2007

st reported the number of trips nsomned witha giwn
mzan: the y those did
were weighted by 4 mnmlwe Paetor of 1 wip. Mm studies
reported arithmetic mean UFP concentration, while several repor-
ted geametric mean and one gove median vahus. Whers possiale,
to permit analy
such as fued by 4 and rouls.
Given the range of conditions under which they were collocted,
we did not assess the statistical significance of differences in
measured mean UFP concentrations beoween modes, and Instead
sought to identify genecal trends in the data. This is discussed
further In sections 4 and 5.

3.2 Resuls

Across all modes, we identified appraximately 3000 individual
wips where UFF measurements were perforned. There was an

The effects of |
12 various causes are less well understood than those of larger
particles. A recent elicitation of £ shori-
tesm URP v o & med v do very
igh Likelil far all-cause léry, and a low to bigh
likelihood for i and haspital issic

(Kol et al., 2008). Long-tesm LFP expasure was generally rated to
possess a slightly Jower hikelihood of causslity Jor all-cause
mortalicy, owing o lorng-1 L.
2000) The same group of experts estimated that a nrmanen:
ﬂefmue in annual average UFF concentration of 1000 partees
em™? across Eurape would lead to lmdmdmeun of 13%, 0.2%
and 016X in all. mortality, and

hospital admissions, respectively (Hoek et al, 2010). The relatively
small number of epideminlegical studies [14) and absence of loag-
term studies. however. resited in most experts indicating
a substantial degree of uncertainty in their estimates {Hoek et al,
2010

3. Studies of UPP concentration In transport modes
AL Methods

We searched combinations of the terms “ultrafine partice”,
“trangport mode”, “commuber”, "exposure” “public transport®,
“mictacnviranment’, “vehicle”, “car”, “suomobile”, “bus”, "cyelist,
“bleyche™, "tram”. “metro”, “subway™ oo PubMed, 151 Web of
Knowledge snd Google Scholar umil Octaber, 2000. The reference
lists of studies ientified by this method were reviewed for links 1o
additonsl lterature. Furthermare, the authors” own literatune
eolbectivns were utilized.

uneven of tripg; very fow have been
performed in ferry (13} and rail {43] modes, while a substantial
number have been undertaken in bus [505], walking (5241 cycling
1599) and avtomobile (1310) modes. The automobile mode was
split inte non-tunnel (977) and tannel (333) trifis, a5 previnus
results indicate that tunnels are a discrete UFP exposure microea-
viranment distinct from cpen air roadways [Kaminsky et al, 2005;
Knibbs et a1, 2000).

Fig. 1 shows the mip-weighted mean UFP eancentrations for
each mode, and the pumber nf rrgu on which Ilwy were mszd.
Eevor bars indicase the trip {8

e e R e
) LT

g 1. Erigt e okt
NWLTM mumsber of trips hem = R made 5 mhmumm
deriste the tigrwweighted siamead deviaton. The stedies from whih the dats were.
eatracted sre listed in the Suppiemenary bmation fle.
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Kerry. 1998). The range of mean UTP concentrations spanned aae
ocder of magninude, with e lewest measured whilst cyching and
the highest in Jutomobiles during tunnel travel; 34104
(20 1Ex10%) and 10x 107 (sd =26 x10% particlescm,
respectively. Means and standard deviations Gilculsted for the
automoblle (non-tunnell. bus, ferry. rail and walk modes were 4.5
(23,42 (312, 5.7 (050 4.7 (41) and 4 9(32) x 10" particlescm ™,
Tespectively.

4. Comparison between modes

Considering the diversity of studies from which they were

ur and the ines what
this is able t are
addressed, in tum, in the following sections.

51, Mesesrological variables

Temperature has bcen variousty reported w be positvely and
n-gmue!ycomin:d ‘with UFP invehicle-
s moge i e e due to

i aetal,

2008}, In-transit stuclies that mm:d this relytionship uniformy
found a negative corelation between lemperature and UF?
(Krausse and i, 2005; Vingenis ef al.

drawn, the trip-weighted ions measured in
{non-tunaedl, cycle, bus, mii and walking modes exhibited notable
ooherence, with a maximum to simme canio (walk cycle} of 15
A limived number of studies that measured concenzrations in
different modes stmultaneously or near-simultanecusly have been
seporied. aod Briggs et al (2008) found & walk-astemabile ratic of
1.4, which is higher than the value of 11 presented here. Boogaard
et al (2005) foune an automobile:cycle ratin of 105, whilst we
found a value of 13, which was also higher than the vaiue of
approximately 1.0 reported by Int Panis et 2l (2000}

While the above studies highlighted the retative conceniatizas
encountered in each mode in the absence ofbizs due to flucmatiag

T bserved i g
the conditions of the study [eg. the ventilation settings in an
autamobile, or the proximity to taflic on a bike route) and are
should theref; be heyond the i under
whech they were mollected withaut appropriate caution,

In studies that measured UFP concentrations in masitiple modes
nor-simultanecusly, the mode in which highes: concenirations
were recorded vacillated between automwbiles and buses, whilst
those in other mades were markedly lower (Levy et al., 2002; Kaur
4 al, 2005h; Weichenthal er al, 2008; Cartaneo et al, 2004 K3
and Keuwenhuijsen, 2005; Partinson, 2009, Shrestha, 2009,

2005; Fhai et al. 2008: Weichenthal et al, 2008; Kaur and
Miewwenhuljzen, 2005; Pattinson, 200%; Laumbach et al, 2000}
Among stedies that reportsd comrelasion coelficlents, those
measured for eyeling studies (Vinzents et 21, 2005; Thai et al,
2008] were quite high {-0.62 and ~075, respectivelyl Multi-
mode and automobile studies reperted eorrelations of ~0.77
and -037, ively [Kaur arad Wi iven, 2009:
Laurbach et 2, 2010

Wind specd. which aFects ditutian and transpart of vehicle
emizsians, was also found to be negatively corelated with UFP
CONCENTTATIon in-Transit (Krawsse and Mardaljevic. 2005 Vinzents
et al. 2005 Brggs et al, 2008; Thai er il 2008; Wekchenthal
€l al, 2008; Kaur and Niewwenhuljsen, 2003 Pam'nson, 2008;
Shrestha, 3009; Knibbs and de Dear, 2010) which is in agresment
with results reported for vasious cutdoor locations [Morawska
et al. 2MUEL Howeves, the results were not always statistically
slgmaficant, indocating that temperature may he more mn!jslem]y
and suongly lated with UFF
observed fof adive transpost modes were —0.20 [wﬁlk‘ ~0.52
{eyele) and 081 {cyche] (Briggs «t al, 2008; Vineens et ab, 2005:
Thai et al. 2008} Multi-mode and autemobile studies eported
correlations of -004 1o =040 (Brigns et al, 2008; Hasr and
200%; Knibbs and de Dear, 2010).

Knfabs and de Deas, 2010} It is therefore that cur
analysis found that UFP concentrations in buses and swtomehiles
(noa-tennel} were relatively bow. We pooled 3 large number of
reparted UFF measurements performed wnder 3 wide range of
conditions, and while the abliity 1o differentate the observed
differences 15 Nonated by the level of detail givea by e varicos
studies, such an approach is indicative of mean values and general
trends. However, the mode in which highest expasures are expe-
rierced depends strongly on the determinant factors discussed i
thee followdrg two sections, and geaeralisation of resulls may be «
Imited valie (10t Panis et al., 2000); that s, within made vari.
kely to be wheanrial.

5, Determinants of UFP concentration in-transit

Despite the comvenience it may provide, it is not necessarily
appropriste 1o rank transport modes in ocder of UFP exposure
without certain caveats. For example, Fig 1 shows the mip-
weighted mean UFF concentration in 3n automobile s higher than
rhe equivalent for cycling. However, an cocupant of a relatively ai-
tight a..wn,waem which air is recireulated and ﬂllrmi will Ekely

markedly lawer than 2 eyelist
on a high maffic lalnr. Disentangling the relative roles of deter-
minant lectors, thaer interactions end variability in each mode is
2 key element required to advance inderstanding of in-transit UFP
exposuce. The data reviewed Mrz suggest that while the relation-

For hoth temperatune and wind speed. stronger correlations
were generally observed for cycling compared 1o non-sctive modes,
perhaps reflecting reduced influence of ather facters on exposere
concentrations encountered when cycling (and walking). The
steength of the association between UFP concensmation and both
temperatee and wind spesd appears to be mode and location-
dependent. and its varishility is not well characherised,

While temperature and wind speed are the mese frecuently
reparted, ather mmnrelog.:al parameieds muay alfect UFP

The Rayer within the.
‘was found Lo be negatively correlated wi Transit UFP concen-
tration (Weichenthal et &l 2008}, which reflects the tendency of
a shallow mixed layer v voncentrate pollutants.

5.2 Trafic velume end compesition

Very few studies have reparted the relatianship between traffic
volume and in-trangit UFP concentrations. Fewes sl have exam-
ined the effect of traffic composition {Le. gaeoline vehicles, diesel
vehickes), Briggs et al (2003) observed statisteally sigadficant
eorrelations brtween car and truck density and UFP concentatinng
encgaintered while walking (r -« 0.41-0.48) o7 in an automabile {r =
043-0.47) in London. In theis London based study, Kaer and
Hiewwenhuijsen [2005) similarty found 2 significant comelatbon
(= 027) between total sraflfic count and UFP conotntratians in
eycle, taxi and walking modes, Krausse and

ship between UFP and its is olten
mude-dependent, exposurs in 2l mode types is the result of

lay berween mu.luuu.- factors. These can be viewed as
- the £ the outdoos or on-read

baas,
Mardaljevie (2005 reported road link end description {eg sigal,
left tum. right bun ete ) was 3 significant determinant of toeat UFP
exposuge of car ocoupants. On-resd studies have shawn strong

GL14 Continued

assaciations (R ~0.85) between heavy diesel traffic volume and
UFF concentradons (Fruin et al,, zwu Knsbbs et sk, 20090). Other

A5 (300} 3601 -2 632 w5

of on-road UFP ion in & tunnel bore was
heusly huvy dissel th(I' volume It ;m]_ am that mbu

swidies have reportsd more of iralfic
effects; for cxample, that mean In-rrangic UFP concentmations
increased on high waffic routes and vice-versa (Thu et al, 2007;
Thai e al., 2008; Srak et al, 2000; Zuurbier et 21, 20

Vehicle emissions ace the daminant scurce of UFPs in erban
arcas. and heavy diesel vehicles make a contribution that Is

on-rood UFPs, reaching the nﬁ:ﬂpﬂnu of 5 automobiles. The
proporticn réaching the cabin varisd from 0.08 {recircilation) to
~10 (non-recirculation] depenting on vehide and ventitation
setfing. Thus, ventilaticn rates controlled the extent to which bn-
cabin exposure :Dd:lr.mlﬂﬁww reflected on-road levels in the

b thweie vl et al., 2008}, Coupled heavy
with the Hmited bat eonsistent findings or in-mnm studies. this - volume. Xu and Thu (2009) reported that cabin ventilaton and
leakage madel-based analyses of

suggests that traflic pa
(gasudine wehicles, hm diesel vchm:;j are an impomant deter-
minant of in-traasit UFP exposure. bt should be considered,
Bowever, that effects are Hkely to depend on mode, and that short-
term traffic pamerns nor represented in hourly of daily avesage
data, such as the impac of passing traffic, may be important (Fruin
et 3l 2008: Boogaard et al, 2609).

53. Route choice: active trensport modes

There are generally fewer mode-specilic variables that may
affect pedestrians and cyclsts compared to pther transport modes:
that 5, raffic and mesosalogizal conditions may be of greater
Impartance as determinants, Most cyching studies were peeformed
on of proximate 1o major urban roads. however, some studies
compared measvrements on high and low waffic routes, with the
Latter typically comprised of 3 dedicated eycle path. Separating the
data into these two categories revealed that 18 of mips were
undertaken on low traffic routes, and mean UFP

variables affecting in-cabinjon-road [IR0}UTP ratios, and explained
up to ~GOE of n-rékd UFP ingress, 10 ratios when windows ars
apen can reach 1 due o highe: air exchange, and such candinons
may aiso ccour when windows are closed but ventiation fan
settings are Ih,r,h {0 et al., 2008; Knibbs et al, 20082}

Some i have in-cahin UFF
size ' during transit dles (Zhu
el &l 2007) and buses (Zhang and Zhu, 2010), These studies have
shown that white in-cabin particle size istributions follow the
graeral shape of those an-roads, the abliity of on-road particles to
reach the cabin b= dependent on particke size and ventitation
setrings (Zhu et al, 2007] Famicle penetration & disoussed in
section 5.6,

55, Filtration

Where 3 w':':se L: ﬁnm with a cabin air filees, its efficicacy is

were 26.x w! paticles cn %, The mean for high fraffic routes was
35x30% rouie selecticn. withi
cantent of the few slur!lrs o address it can affect cyclist UFP
exposure (Fagtinenn, 2009, Steak et ad, 2000; Zunrbier ot 2, 2000),
Route choice, a5 a prowy for trafic valume, s likely 10 be an
Impertant detesminant of expogure (Molreanor et al, 2007; Hertel
et &l 2008), and persona] factors (e g walking or cyeling pattems)
miy alsa exert an efect (Kaur et al, 2007} Microscake varistions in
UFF conventration proximare o roadways may reswlt in higher
exposuies on the road side of the sidewalkffootpath compared to
the building side (Kaur et al, 20052} Also, the effect of roadway
factars on pollutant dispersion h.e. whether open (o the emviron-
ment er prone
has been shown bohe & statistically significant determinant of UFP
exposure concentrations encountered whea walking (BHggs et 21,
2008). Further work [omud on evaluating the uﬂkcu of uaﬂr
lacal and mi; (s

54, Cobin ventilition

Ventilation rates, whether driven by fans. natural leakage or
open windows (0 et al., 2608; Knibhs et al, 20028}, describe how
rapidly outdoor air is capable of emening passenger cahing.
Evidence sugge ! Isa k ke o in-cabin
uFP in et al. 2007:
Rim et al. 2008; Knibbs and de Dcar 2010; Thang and Zhu,
2010), ferries (Hill and Gooch, 2007; Kaibbs and de Dear. 2010}
and rail modes {Hill and Gooch, 2007; Cheng et al, 2009; Knibbs
and de Dear, 2000), Quantitative studies suppart these observa-
tions, but are searee and leited to sutomebiles (Xu and Ihe, 2009
Knibbs et 31. 20101

Knibls o2 al. {2009 found that 2ir exchange increased linealy
with vebicle speed in a group of six test automobiles operating
under four distinet ventilation settings, which was in agreement
wilh results obtained by Orf et 2l (2008 based on tests performed
in four vehicles. Knibbs et al, (2008b, 2010) found that the primary

a ey ion of on-road UPs reach the
cabin, andel'ﬁul:m:y vmes substantially amongst tbe filters avail-
able. Standard automobile cabén filters aflrd singie-pass UFF
reductions of between approximately 30 and 62X (Pui ot al, 2008;
i et al, 2008), while this can increased by employmg more
atvanced filtrazion technolagies (Bustscler et al, 2008 It shauld
be noted thas Blzation efficiency is Mected by the ventitation rate;
as filter face velocity increases with mecharical of natural venti-*
lation rates, filtraton efficiency decreases due to the reduced tme
avallable for partide diffusion inside the filter (Pui o7 al. 2008; Qi
et al, 2008). When air is recirculated in an automabile, 5 et al,
(2008) found that UFP concentrations decayed most rapidly in
a wehide capable of filtering recizulated air (single pass
efficiency = 46) than in 4 vehicle lacking this festure, where UST
removal efficency without 3 flter was 275 per recioulition of
cabin air. In the fermer and latter cases, un-road UFP concentrations
were sedisced 1o those typical of an office building (400 partides
am3in 3min and 910 min, Tespectively, indicating the valwe of
recireulation 45 3 simple exposure minimisaden mechanism.
Huwewes, some cldes, less-airtight vehicles are chasacterised by
outdoor air exchange rates up to 47 h when air &5 recroulated
(Knabbs et al, 2008a), and the benefit of reciraddation in such cases
caa be substantially diminished (Knibbs ez al, 2010}

5.5 UFP penetration and deposition

The penetration of UFPs through automobile envelopes Is
Ton thelr size, the number ard Erometry of cracks, and
the pressice diffence across these and other ingress pathways
X et al, 2010). A recent study reportad that penetration efficiency
close 10 100 was observed for diesel exhaust partiches between
B0 and 287 rum, and declined to ~ 0% far 10 nm partices due 1o
diffution; althacgh peretration of 10 particles increazed to
~50% when pressure differentials reached 200 Pa (o et al,, 210)
Na difference was ohserved in peretration effisiency amengsr
different maresials.
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e L Knibhs ¢ b [ Armonpheric Emirormant 4F (2017} 2611-2622 L0, Kebhs er ol [ Ackaaifhenic Frsimarsénr 48 (2011) 2611-2622 F170)

site UFF concentrations and those measured cancerrently in-

file. The ion between UFP and

Civen the high surface 1o volume ratios of many
calvins. depasition can be an tmportant UFP remaval mechandsr.,
especially under low ventilation eomditions (Gong et al, 20091
Gong er al. (2009) found in-cabin depasition rates in automobiles
exceed those of indoor environments by 2 factor of 3-20.

Studies deseribing UFP filiraticn, penetration and depasitian in
bus and rail medes are scarce and the Lmied data to-datz s
strongly thewsed towards autormobiles. Future stedies addressing
this knowledgr gap will be of value.

57, Fuel type and presence af an emission control Jevice

5.7, Automobile
The effect of fuel type on UFP concentration in automabiles was
assessed by Zuurkier et @ (2010). who found no significant
differenee in levels in diesel and gass) d vehicles
0.96) based on 14 simulza-
neaus ips under a standard vewilation sewing. Their study
focussed only vn pewer vehicles (<6 meatlis) and fs selevance o
the wider passenger vehicle fleet is unkacwn, Additionally, it is
difficult t separate the effects of fuel fype from those due to
differences in ventilation under a stancard senting between vehi-
«cles of different manufacturer (e.g. Knibbs et al. 2008a). Further
sudies involving test vehicle groups moge v of the

U Weimd Comtess SN BUSEE Shme N Se0] O3 R0
[ n

Fig 2. Trip-we ghted mean UFP coneratraioes medvered in buses of diflesent hal

2 beaskeli. Ero Bas dencee the brg-weighond sundand devidien. See test G
asbreviatom,

contribution when windows were dosed (1.0« 10% partidescm ™)
weas less than that when they were open (2.6 = 10° particles em ™)
Hzwever, this trend was not in keeping with their resulss for ealier

o pell and was anribaed to UFP fluctuations due to

heteropeneity present in wider vehicle fleers are required.

572 Bus
Due to their frequency of door apening and the “stop-stan”

unidentified non-vehice sources on the low-taflic roates they
studied, Cemeratly, il on-road concentrations are bow relative to
those in-cabin, open windows will dilute solff-pollution {Liu st at,
2010). The FEVCTIE can exacerhate its effects.

nature in which they fravel, buses have a tendency o self-pallus
(Behwerar ex al, 2004; Hill er al, 2005, Rim et al, 2008: Liy er al.
2010; Zhang and Zhu, 2010: Zuurbler et al, 20H0).

number of trip: In ies we
amm and the 1=;k of spedific mrormmn regarding cther
i

15 the concl tean be drawn, 30d

the variables mast frequently reported by UFP exposure studies
were fucl type and the presence of an exhaust o7 crankease en
gion controd device. We therefore disaggregated bus trips into &
categaries: diess], biadiesel, mmprrmdnammga;lf\'}.dc:m:_
dietel wirh oxidation catalyst (DOC), diesel with do

wluﬂeﬂdwﬂedﬂmnrn SHE Hmvw_ﬂwusu.t—.g:mx.
ally suggest that UFP concentrasions are greatest In diesel powered
buses, and that reducdons may be passible through use of alter-
native fucls or emission control devices, with best results achieved
for diesel buses whers two or moie of the Lattes are combinzd.

Sker (DFE), diesel with axnb:au: Gliration systerm {CFS), and diesel
f two pr mare of DOC,
DPF, CFS and ultra low. sulphur diesel) About T0% of trips wess
pocformed in diesel buses, with the remainder approximately
evenly distrituted acroes the other categories. Five percent of bus
trips (26/505) were excluded due tw lack of detailed data on fuel
type or contred device,

Fig. 2 shows the trip-weighted mean UFF cancentrations for
sach category. The Jowest mean (17%10° patidescn™;
5D 0.8 % 109) was recorded in CNG-powezred buses, and the
Brighest (4.9 = 10° particles cm % 80 = 26 = 10%) was measured in
diesel buses fited with a OFS, although the latter result was based
on avery limited nueeber of trips (13 A simiar mean was recorded
in diesel buses with no control device (48 x 10" particles cm~;
500 e 3.2 % 1%L Means and standard devistions calculated for the
blexdbese), combined eontrol, DPF, DOC and electric categories were
17 {=) 2.0 {1BL 24 (08). 2E (20} and 2.8 (08} = 10 pard-
desom~’, respectively. With the excention of the electric bus
category, lowest concentratians were measured in buses powered
by alternarive fuels. c\mnenmhmu inside desel-powered buses

ly Joswer fitted with an 1 device.

D-rl‘clwuaﬂ::g the effacts af self-pollution fram these of oiber
Factars on in-bus UFF mnunlnnunu u challenging. Previous work
has shown that el vehicie
emissions in the cabin when windows are chosed, 2nd constinued

573 Rafl

In most rail studies we identified, trips were undertaken in
wehicles diiven by electricity, About 29% of wips were taken in
diesel-pawered rains, and the welghted mean UFF concentration
during these was 9.0 x 10" particies om ™, The mean duzing teavel
in electric-powered vehichs was 3.0 % 10% particles e ™. Based an
the Limited data available, the power source of fhe rail velicde
thersfore appears 1o mnr):'dh' a!fzu UFP e:po;u»e concentrations.
Maoreover. in d 7 v o
the passemger can .m'eﬂ m ons: when
2 ipcometive was located in front of passenger cabins, its emissson
plume can reach the cabin ventilation system intake Hill arsd
Geoch, 2007

There was insufficient data to investigate the effect of under-

are numerout mechanical processes that can generate and resus-

Tin
these are more lkely to elevate levels of particle mass rather than
UPP nusnber count (Nisuwenhuljsen et al, 20070 The Limited
rumber of studies reponting UFF measusements on undergrosnd
platfarres tend to support this (Aarnio et al, 2005; Seaton ot al,
2005; Raw et al, 2008; Cheng etal, 2009: Nystrom eral, 201010

0,01 to 0.3% of air in the cabins of 1975 through 2002
buses (Beheente et al, 2004). Lig et al (2010} found thas scif
pollution contribated an overall average of 18 x 107 particles om ™
In two scheel buses (2000 and 2003 model). the average

& Correlation with other air polk

Several in-transit studies measured UFPs and other pollutants
simultavecusly, A surmmary of thess is provided in Table 58 in the

PMu awucr:n:alluns is generally raported o be positive, weak and
mat statistically significant, aithough strosger asseciations have
been observed: correlation coefficlents range from —0.07 to 069
(Aarnio et al, 2005 Kaur et al, 20054 Seaton et al, 2005;
McCreanod et &l 2007; Zha et al. 2008; Berghmans et al, 2009;

ransit,

Aarnie ot ab (2005) reported gacd correlation (K2 - 0.59)
betwoen UFP concentrations in subwey staticns and those
measured at an Lrhan background site, while Seatofi et ab (2005)
found that H\r rato of UFP concentrations measured on Loendon

4 I8

Bougaard et al. 2009; Kuibbs and de Dear, 2010; L bach et al,
2010). Although carrelation in the rail mede is moderate and
relatively consistent across studies, in general there is no clear
relationship between II|= strength of mndaum and uamspont
mode. The sesult locati ™
keeplng with those for awidoor enviroanents, aad the penerally
paos eomelstion reflects differences In the sources of particle
number and mass and temporal scales iveived in their dynamics
(Murawska et al, 20081

Black carben (BC) and elemental carbon (EC) are often well-
cormelated with UFP concentrations in urban air, given thei shared
poovenance in vehiche emissiuns and the large extent  which BC
and EC ibute to UFP chemical etal,
2008} On-raad and subway platform studies have shown very
good comelaiion between UFPs and BC: 088 and 084, respectively
(Aamio et al, 2003; Westercahd et af. 2005) Correlations were
relatively weak in automobile and bus smdlts {mean = 01=0.2}
although i weTe Bty window
positon, and mean comelition improved (mean - 062) when
wnmscm-s were kept open, which III: authors ascribed (o sell-

il the closed window (Zhu et al, 2008; Zhang
and Zhu, 2010). Very good rmhﬂ-m berween UFPs and EC (0.70

abowe ground
0.68. These results are likely te mﬂm the absence of srong bocal
UIFP sources in stbways [Adrnie of 2, 2003) For above grovisd
transpart microenvironments, however, this is unlikely 1o be the
case. Winzents et al. (2005) reperted 3 moderate correlation
(= 0.4%) herween UFP measurements pesformed at 3 fined mad-
side location and those measured while cycling, bus found that the
only significant variables in 2 Hnear mixed efferts model to predict.
cydlist exposure were temperature and concentrations of €O
(7 = 0.60] and N0y (R = 0.74) measured a6 urban background and
roadside stations, respectively, Asmi et al. {2009) found that the
ratio of UFP concentration in the driver's cabin of buses to that
measored 3t 2n wban background site varied from 1.2 to 5.9 and
was dependent on the age of the bus, time of day and route,
Zuurkier et al (2070) 2 evaluated the
beiween bus, carand bigyle Wmmanﬂllmhmounu
in Arnbem. They

mnde 1o background ratios of 16 {diesel car, electric bus) w 2.5
(diesel bus] and correlations besween 001 (diesel bus) 2nd 0.87
{bicycle of low-tralfic route}.

The lismited data available to-date indicazes that M-sne
maaitors may offer some ability to estimate UFP exposure of

and 084} have (Kaur et al, 200da;
l«':uum:r e al., 207
between UFF fons and those MM

im areas less affected by wehicle emissions, such as
hose using subways ar low-traffic bike paths. However, depending
an Jmmﬂm persans ane likely 1o constitute only 2 minor

mwmnmbhm ~0.33 1o 090, and no cear rel

transpoct mode s apparent (Westerdahi er at, 2005; HcCres
et 2L, 2007; Zhu et al, 2008: Laumbach et aL. 2010} The relation-
ship with CO concentzations is similarly variable; ~035 te 670
{Kaor et al, 2005ab; Westerdahl et ak. 2005 MeCreanor et al.
2007; The et al, 2008; Laumbach er al. 2010} The specifics of
ihe measuremient lacation in terms of lacal emission sources are
likely 1o explain the observed variation, and it is important Lo
consider that in-transit measurements of particle and gaseous

ving
emssion steagth of proximate vehiclzs (Morawska et al, 2008:
Thu et &, H08)

In summary, the relationship between in-transit UFP concen-
tmioﬂs anﬁ dwse af other paliutants is generally mmns‘un!m.

may il

nbwmduanma.ry.and the residts gatlered beve flom thm]m:lred
pool of available studies requite further validasion in order o
develop a more comphete understanding of the associations.
Currently, there 15 no data to suppart prediction of UFP concen-
tragians from those of ether pallutants, and such an approach is
likely 12 be insulficient.

T Relationship with fixed site monitors

Since the 1970s (O and Eliassen. 1573; Cortese and Spenpier,
1976), numergus studies have investigated the ability of fxed size
pollutant meaitaring stations to estimate persanal and commuter
expasure., Generally, the ability of fxed site monitors ro represent
the subsunlul ipithl and temzporal variability of in-transit expo-

db-optimal, ard carmies Aumerous A\lﬂ:lhnl

ng Tn the ahsence of wide-
networks, ility of reutinely menitared
parl-de and gaseous pollutants o mdw.ﬂua] UFF maonitees 1o
represeat b transit LFP exp
(Krausse and Mardaljevic, 2005; \"num; Bt 3l 2005).

8 Health effects of in-transit UFP expasure

Studies of heakth effecrs due to cormuter UFP expasare are
summarised in Table S9 in the Supplementary Information bk,

&1, Healthy mofviduals

Nysrrom et al (2010 showed that while a cellular respanse in
the alrway epithelium was not elicited, miner biological responses
suth a8 increated systemic markers of inflammatian and sigas af
fower xirway ritition were olserved in 20 healthy individuats
exposed to subway air (mean UFP (mmmuon x ID“p.u-r:-
clesem ¥ for 2 hwhile
ergometer and However, md wnnel air. (mhn‘tﬂ
concentration 11 %107 pacticlescm™) elicited an irflammatory

he fower ai ! 1 levels of T-
and alvealar Mruphms In brochoahveclar lavages from 16
healthy individuals whe followed the same profocol {Larsson et b
2007). The i wpased
to in the two above stucies were similas, while UFP 2ad MO,
concentrations were an erder of magnitede higher i the road
wannel study thas in e subway study due 0 the presence of
prmumllz u!n:lv emizsians Although it is not possible ta ascribe

Hmitations, the most impertan: of which is
exposure [Kaur et al. 20071 UFPs 2re ot a regulated pollutant, md
are therefore not routinely monitered outside of research studies.
Seme irvestipators have assessed the association between fixed

resilt: of the two studies te differences in UFP
concentration alone, the resulfs are supgestive of 2 causative rale
far UFF and NO, in airwsy inflammation observed (allowing
exposuse o vehicls emissions.
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